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Nurses are trained in the use of personal protective equipment (PPE) and have access
to policies and procedures to use in their daily work, but errors in technique during
patient care are common. The purpose of this study was to better understand the
infection control behaviors that nurses demonstrate in practice. The project described
nursing behaviors related to basic airborne and contact precautions using personal
protective equipment (PPE) in a simulated care environment. The specific aims were to
1) identify infection control behaviors by nurses which may or may not adhere to clinical
standards for isolation practice while performing clinical skills in a simulated patient care
environment; 2) describe participant rationales for the various infection control behaviors
which deviate from standards followed by individual reflections on performance in
comparison to the CDC guidelines for isolation care; and 3) explore the timing of
changes in clinical infection control behaviors after simulation participation over an
extended period of time. Following the isolation standards in a simulation was
challenging for nurses participating in this study. The rationales by nurses for certain
infection control behaviors showed that nurses need education to emphasize the
qualities of each type of protective gear and the rationales for the process of safe use.
The nurses indicated increased awareness about their use of PPE after study
participation and all indicated an immediate change in their behaviors after the
experience. Future studies utilizing these video recording capabilities will build on this
work to include test-retest designs for evaluating behavior change in isolation behaviors,
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evaluating consequences of errors such as crossing mask straps or not tying gowns,
and measuring the impact of factors such as fatigue or impairment.
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CHAPTER 1: INTRODUCTION
Patient isolation to control infection is quite common. While national figures vary,
The Nebraska Medical Center internal documentation shows that on an average day, 20
of our approximately 400 hospitalized patients are in droplet, airborne, or contact
isolation for resistant Extended-Spectrum Beta Lactamase (ESBL), Clostridium difficile
or other organisms; while an additional 50 patients are in contact isolation for
vancomycin-resistant enterococci (VRE) or methicillin-resistant Staphylococcus aureus
(MRSA). It is estimated that almost two million infections are acquired by patients in
acute care hospitals, and an equal number by patients in nursing homes (Weinstein,
1998; CDC, 2007). Healthcare associated infections occur in spite of advances in
medical technologies and antibiotics, and the single most important factor is felt to be
healthcare worker (HCW) compliance with infection control techniques (Burke, 2003;
Fleming et al., 2000; Olsen and Fraser, 2002). Nurses are trained in the use of personal
protective equipment (PPE) and have access to policies and procedures for its use in
their daily work, but errors in technique during patient care are common.
In pilot work conducted by Beam, Gibbs, Boulter, Beckerdite, and Smith (2011,
also Appendix A), ten healthcare workers participated in a simulation to evaluate their
ability to perform proper infection control measures for airborne and contact isolation
precautions. The subjects were a convenience sample recruited from an existing
interdisciplinary team at the hospital which included nurses, patient care technicians,
and respiratory therapists. The participants were video recorded during the simulation
and a fluorescent powder marker was planted in areas of the room commonly
contaminated by patients and workers to investigate if any particles were being tracked
out of the room after doffing. The simulation task was intentionally a common task which
did not create a high level of stress for the participant. This study took place in a
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simulation laboratory on the University of Nebraska Medical Center campus where the
patient rooms were equipped with discrete ceiling cameras which could be operated
from a control room. After each video was reviewed by the research team, many
inconsistencies in the infection control behaviors were noted which could potentially lead
to contamination. The fluorescent marker tracking was difficult to differentiate at times
from paper towel debris under the ultraviolet light, so it would not be used in future
studies. Expanded research was needed to investigate the isolation behaviors of
healthcare workers. This new dissertation project utilized a real hospital room as an
environment for the patient simulation. Video recording was done by using small HD
cameras mounted to the ceilings in the room. The cost of the portable video recording
system (including laptop, cameras, Standard Operating Procedure Manual, software,
carrying case, batteries, etc.) was kept very affordable.
The purpose of this study was to better understand the infection control
behaviors that nurses demonstrate in practice. Our project described nursing behaviors
related to basic airborne and contact precautions using PPE in a simulated care
environment. A mixed methods design allowed for the evaluation of behavior rationales.
There were three major specific aims of this project. In the first we examined behaviors
related to the use of PPE through simulation of a typical nursing care situation. Our pilot
study sample had only 10 participants, so a larger sample allowed a more thorough
behavior analysis. In the second aim we discovered the rationales for infection control
behaviors through a reflective practice exercise. In the pilot study a number of behaviors
were seen which caused the reviewers to make conjectures about the causation. Asking
the participant to “think aloud” after the simulation gave a more accurate rationale for
noted behaviors (Ericsson & Simon, 1993). The final specific aim investigated the
impact of simulation participation on infection control behaviors in clinical practice
through a questionnaire at one month. This was only a beginning step at evaluating how
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this type of intervention might impact clinical practice long term. We looked for specific
ways the experience may have changed practice and for the time frames when change
occurred. Our project investigated the performance of patient care in isolation rooms
provided by nurses and the rationales for infection control behaviors demonstrated using
a simulated care situation.
The results of this new project were projected to be similar to the pilot study
(Beam, et al., 2011). Few participants were expected to seal check their N95 respirator
before entering the room. The gown would probably not always be tied at the neck and
waist, and contaminated items would likely be removed from the patient room upon
exiting. Equipment would likely be taken off in the incorrect order frequently. We
expected our rates of hand washing to be poor, similar to those noted in other studies
(Erasmus, et al., 2010). The qualitative findings of this study would likely be similar to
those that have been done for hand hygiene as well. Erasmus, et al. (2009) conducted
a qualitative study on hand hygiene in hospital workers which included nursing,
physicians, medical residents and medical students. Self-protection was noted as the
most important reason to conduct hand hygiene. PPE was noted to be a priority for
compliance over patient safety for hand hygiene. Students tended to copy the hand
hygiene behaviors they saw demonstrated by their superiors. Similar concerns would
likely arise in our study of PPE. It was suspected nurses would feel as if they are
already colonized with the infectious agents the patient is in isolation for and detailed
care of the use of PPE was simply a waste of valuable time. The solutions identified in
this dissertation study were projected to be procedural changes, educational
interventions, or even changes in the products used to care for patients.
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CHAPTER 2: LITERATURE REVIEW
Guidelines for infection control and PPE use are based upon both expert opinion
and epidemiological evidence of disease transmission. The World Health Organization
(WHO, 2008) published a quick reference guide on infection control strategies in
healthcare facilities correlating with specific procedures. The WHO guide specifically
addresses epidemic and pandemic-prone respiratory illness and categorizes infection
control measures by clinical setting and procedure. The CDC (2007) published an
updated guideline for isolation in health care facilities which emphasizes standard
precautions and includes respiratory hygiene and cough etiquette as new components.
Attention to PPE use has increased with the recent national focus on pandemic planning
and the H1N1 spread in 2009. In response to CDC surveillance following the 2009
H1N1 pandemic, those HCWs with likely patient to HCW transmission reported
inconsistent use of PPE (CDC, 2009). In fact, none of the HCWs who completed the
detailed report for the CDC responded as always using gloves, a gown, and a mask or
respirator when caring for the presumed source patient. A similar report by Jaeger, et al.
about the initial H1N1 cases in California noted that adherence to PPE
recommendations was particularly poor in the outpatient settings (2009). At the time of
the pandemic, there was a great deal of indecision about the best respiratory protection
(Radonovich, Perl, Davey, & Cohen, 2009), but one study did show similar rates of
laboratory confirmed influenza rates between the use of the surgical masks and N95
respirators (Loeb, Dafoe, Mahony, John, Sarabia, Glavin, et al., 2009). Formal fit testing
of a respirator has not been shown to predict a future sealing of the respirator to the face
unless the respirator is used routinely (Lee, Takaya, Long, & Joffe, 2008). In another
study, Daugherty, et al. (2009) surveyed 256 critical care healthcare providers in two
Baltimore hospitals about their use of personal protective equipment. The surveys
showed suboptimal knowledge and adherence particularly related to transmission of
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respiratory viruses. At least half of respondents to the Daugherty study felt wearing
appropriate PPE was inconvenient (2009). In areas such as infection control, often
times nurses do not use appropriate terminology which may result in practice variation
(Landers, et al., 2010). Confusing the issues with the use of personal protective
equipment further, the nursing profession has struggled for many years to establish
guidelines for aseptic technique related to tasks such as IV administration, wound care,
and urinary catheterization because of the challenges of creating true sterility in the
patient care environment (Rowley, Clare, Macqueen, & Molyneux, 2010).
There are many different types of hospital acquired infections (HAIs) and HAIs
are one of the 10 leading causes of death in the US. Estimates of the cost of hospital
acquired infection have ranged from $5 billion to $29 billion (Hassan, Tuckman, Patrick,
Kountz, & Kohn, 2012). Even simple solutions like hand hygiene suffer from low
compliance rates (Erasmus, et al., 2010). Practice improvement strategies related to the
use of contact precautions have been documented in the literature. Cromer, et al.
(2004) noted sustained improved outcomes in the use of contact precautions for
methicillin-resistant Staphylococcus aureus with a combination of education with a
comedy skit format and routine rounds by the infection control team on the different
nursing units for compliance monitoring. The infection control team monitored initiation
of isolation precautions, signage, supplies, and patient care policies. Feedback was
given to the units as “awards” or “alarms” with scores tallied and rewards given to high
performing units. Mawdsley, Garcia-Houchins, and Weber (2010) also demonstrated
positive outcomes with brief weekly surveillance rounding by infection preventionists.
The surveillance compared contact precaution implementation to the patient’s status in
the electronic medical record. Appropriately isolated patients were considered isolated if
they were in a private room with a sign on the door. In their study, compliance with PPE
use was not assessed.
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While the strategies in both articles discussed above address appropriate
implementation of precautions, neither targets the individual patient care behaviors of
healthcare providers. Small repeated errors in technique can potentially spread
infectious particles in the patient care setting even if the appropriate equipment and
signage is at the patient room door. This gap between the infection control policies and
the realities of bedside care creates a challenge for healthcare providers. A literature
review of interventions for the spread of respiratory viruses showed that long term
compliance remains a challenge with educational programs related to strict hygiene and
barrier precautions (Jefferson, Foxlee, Del Mar, Dooley, Ferroni, Hewak, et al., 2008).
Developing a mixed methods design to study infection control behavior is challenging,
but there has been some qualitative data collected related to hand hygiene in Europe. A
qualitative study of healthcare workers in the Netherlands noted poor role modeling and
social norms as reasons for reduced compliance with hand hygiene behaviors (Erasmus,
et al., 2009). There is a need for patient safety interventions in infection control which
are clear and easy to implement (Burke, 2003).
Much of the current literature regarding PPE use and compliance is derived from
the 2003 outbreak of severe acute respiratory syndrome (SARS). SARS was an
epidemic respiratory disease which began in China and affected many HCWs. In
Toronto, Shigayeva et al. (2007) conducted a retrospective cohort study to examine
HCWs’ adherence to barrier precautions while providing care or entering rooms of
intubated SARS patients. There were a total of 56 SARS patients in Toronto which
resulted in 879 HCWs eligible for the study interviews. The study had a 90%
participation rate. The HCWs were asked how often they entered patient care rooms
and their level of involvement with certain procedures. PPE use and the process of
doffing soiled equipment were assessed. Participants were questioned about the
infection control training they received related to SARS. Lower rates of adherence were
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noted in patients requiring high acuity care and shifts demanding frequent isolation room
entry. One of the major study conclusions indicated adherence to guidelines was
reported more often when the diagnosis of SARS was confirmed. In Toronto, PPE
decisions in healthcare continue to be made based upon the patient’s illness instead of
based upon the procedure or potential for exposure to body fluids. The authors
concluded education for HCWs should include not only how to put on PPE, but also how
to determine when precautions are necessary. Ofner-Agostini, et al. (2006) investigated
factors related to SARS infections in HCWs following the implementation of infection
control precautions. In Toronto, 17 HCWs from 6 hospitals developed SARS, and 15
were interviewed for the study. All 15 HCWs reported direct contact with SARS patients.
The infected workers included nurses, physicians, allied health professionals, and other
support staff. Thirteen of the subjects were unsure of the order for donning and doffing
PPE. Eight subjects were aware of a breach in infection control procedures. Use of
PPE was reported as inconsistent. Factors most likely to be responsible for SARS
infection in the HCWs included performing high risk patient care procedures,
inconsistent PPE use, fatigue, and lack of training. Chen et al. (2004) conducted a
similar case review involving five SARS cases at National Taiwan University Hospital. A
total of 73 HCWs were exposed to the first two patients, and then another 150 HCWs
had exposure to patients after specific precautions were implemented. Serum samples
were collected from HCWs to monitor for exposure to SARS. Only one HCW developed
SARS; a physician who intubated a vigorously coughing patient without ensuring an air
tight seal of his respirator. These epidemiological studies reinforce the need to wear
PPE consistently to prevent disease transmission. More recently, the Ebola outbreak in
western Africa has infected large numbers of healthcare workers (Duffin, 2014) and strict
educational practices on infection control and PPE are essential to reduce transmission
(Dixon & Schafer, 2014).

8
Recent studies have closely examined infection control and the use of PPE.
Casanova, Alfano-Sobsey, Rutala, Weber, and Sobsey (2008) conducted a study
evaluating a protocol for PPE removal from the CDC using bacteriophage MS2 and Glo
Germ (a fluorescent marker). They found following the current CDC PPE doffing
protocol did not protect HCWs from contamination. However, their study did not analyze
the actions of participants through direct observation which may have led to
contamination, nor did they report the occupation of the study subjects. Videotaping has
also been used to investigate clinical behaviors. Chiang et al. (2008) conducted a
prospective observational study in a metropolitan Taiwan hospital where they videotaped
44 consecutive out-of-hospital adult cardiac arrests. The tapes were reviewed using
time motion analysis. The study found that PPE use was unsatisfactory during
resuscitation, contamination events occurred frequently among rescuers, and two major
system sources resulted in more than 80% of contaminations. The two main system
sources were a lack of task assignments among rescuers and poor procedure
preparation. Simulation has been used to examine infection control behaviors in
healthcare providers. Watson, et al. (2011) conducted 11 in-situ simulations to measure
infection control behaviors during pediatric resuscitation efforts in June 2009. Both
inpatient and outpatient settings within a large academic healthcare setting were used
with varying patient scenarios. Of the 87 multidisciplinary participants, nurses were the
largest cohort at 71% and were recognized as the first responders to the patient care
situation. In relation to PPE adherence, participants were consistently observed
adjusting equipment after contact with the patient and other dirty surfaces. They also
noted poor technique with respirator and gown use. The authors recognized significant
gaps in self-protective infection control behaviors during resuscitation efforts which need
to be addressed with further training initiatives. These studies demonstrate a need to
further investigate the challenges nurses experience related to infection control.
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Continuously uncorrected, dangerous errors in technique can have catastrophic
results. A study by Loftus, et al. (2008) found that drug resistant organisms are
transmitted during general anesthesia procedures to both work areas and intravenous
stopcock sets. One example of a systematic failure in these clinical behaviors related to
chemotherapy administration is the hepatitis C virus outbreak which occurred in a
Fremont, Nebraska oncology clinic in 2000 (McKnight & Bennington, 2008). Patients,
nurses, and administrators in this outbreak noted inconsistencies in patient care over
several months before someone stepped forward to acknowledge the safety concerns.
A common 500 milliliter bag of saline was being used to make saline syringes during
patient care. Sometimes used syringes were refilled. Ultimately 857 patients were
exposed to the dangerous practices while receiving intravenous chemotherapy with at
least 99 contracting the virus. As a result of this incident, the CDC has put a major focus
on the reuse of vials and needles (http://www.oneandonlycampaign.org/). When proper
policies and procedures are followed there should be no risk for transmission of hepatitis
C or any other blood borne diseases between patients. Poor clinical behaviors were
solely responsible for the illnesses in the outbreak. Unfortunately only cases of
significant morbidity or mortality tend to get the attention of the media or peer reviewed
journals. Even in outbreaks of avian Influenza, clinicians have made errors in clinical
practice regarding PPE, perhaps because of their perception of low risk (Morgan, Kuhne,
Nair, Verlander, Preece, McDougal, et al., 2009). A clinician might be in a rush to enter
a patient room and tie their isolation gown only at the waist exposing their shoulders
during several intimate patient encounters throughout a shift. Perhaps a nurse decides
to remove her gloves at the bedside in an isolation room to feel for a vein or to have
better control of a syringe even though this behavior is not appropriate in an isolation
room.
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Work-arounds are work procedures undertaken to address a block in work flow.
The literature on factors associated with work-arounds is limited (Halbesleben & Rathert,
2008), but it is also important to note that not all work-arounds are bad. In fact, a culture
where clinicians are comfortable sharing their work-arounds may result in improvements
in patient care. There remains a need to identify those dangerous work-arounds and
begin sound discussions about better solutions for patient care. These solutions may be
procedural changes, educational interventions, or even changes in the products used to
care for patients.
Historically, simulation has been used in medical education to describe a number
of educational strategies and tools (Bradley, 2006). These can include skill trainers,
computer based modules, simulated patients (live actors), and high-fidelity human
patient simulator manikins. In recent years, the nursing literature has exploded with
content in simulation. Kaakinene and Arwood (2009) conducted a systematic review of
this literature with a focus on the use of learning theory. Of the 120 articles on nursing
simulation, 94 articles discussed simulation as a teaching strategy. Sixteen articles
describe learning as the basis of the simulation development and only two examined
cognitive changes as a result of participation in the simulation. Another review of
procedural skills training showed simulation is being used to enhance knowledge in
healthcare, but few studies connect simulation learning to changes in clinical practice of
the simulation participant (Nestel, Groom, Eikeland-Husebø, & O’Donnell, 2011).
More complete studies are needed in simulation research. This project used
simulated patient care of a live standardized patient. The simulated patient was a live
actor using task trainers or simulation equipment for the performance of clinical skills.
This was explained up front to the participant so that they were aware of the differences
between the simulation experience and actual practice. This type of simulation with
video review has been used with students for educational purposes to learn
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communication and technical skills (Kneebone, Kidd, Nestel, Asvall, Paraskeva, & Darzi,
2002).
Schön’s theory of reflective practice is a thoughtful, self-regulated process which
lends itself well to nursing and other caring professions (Schön, 1983; Kinsella 2009).
Kinsella (2007) describes Schön’s theory of reflective practice as balancing technical
rationality and research-based knowledge with the wisdom of experience. This balance
seems important in complicated skills such as those involving aseptic technique or
infection control where many factors may alter the processes. Schön’s theory of
reflective practice was used throughout this project. The ‘Think Aloud’ technique was
used to capture the thought processes of the participants while watching a video
recording of their simulation experience (Ericsson & Simon, 1993). Ericsson (2004)
notes that medical education and related domains have focused on assessment of
minimal competency, and there is a need to shift toward the promotion of enhancing
outcomes through maximum performance. He describes three stages in the care of
patients which include initial diagnosis, clinical interview, and the performance of
treatment. In the performance of treatment, expert performance comes from having the
opportunity to do a clinical task with detailed analysis and feedback.
Clinical behaviors in infection control, medication administration, or other tasks
requiring special adherence to safety precautions are demanded frequently in the fast
paced environment of healthcare today. These clinical behaviors by healthcare
providers must meet the criteria for expert performance if patient safety is the primary
goal. Verbal protocol analysis or ‘Think Aloud’ processes have been used to evaluate
clinical decision-making in both clinical settings (Embrey, Guthrie, White, & Dietz, 1996;
Hoffman, Aitken, & Duffield, 2009) and nursing simulation activities (Whyte, Cormeier, &
Pickett-Hauber, 2010). With advances in digital media technology, the type of
educational simulation interventions in this study should be feasible in a variety of
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healthcare settings for a reasonable cost. Simulation allows for the evaluation of
competency and skill improvement without risking the endangerment of real patients.
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CHAPTER 3: METHODS
The purpose of this study was to better understand the infection control
behaviors that nurses demonstrate in practice. The project described nursing behaviors
related to basic airborne and contact precautions using personal protective equipment
(PPE) in a simulated care environment. An explanation of study procedures follows
each specific aim listed below. Details on study processes follow. Study documents are
available in Appendix B.
S. A. #1: Identify infection control behaviors by nurses which may or may not
adhere to clinical standards for isolation practice while performing clinical skills
in a simulated patient care environment.
A portable video recording system was used in a patient room at a hospital to
record a simulated patient care experience. Participants were asked to provide care to a
simulated patient with an isolatable illness and were digitally recorded as they performed
the donning, patient care, and doffing in a simulated isolation room. They performed the
simulation only once. The digital video was reviewed and scored by a panel of at least
two research team members to identify the exposure pathways and points of variance
with recommended techniques. The observational tool was designed to collect both
quantitative and semi-quantitative data, and designed for use by infection control experts
(Figure 1). A demographic questionnaire and a video recorded demonstration of range
of motion was completed after the simulation and reflection activities. The study
expanded our previous pilot study for scoring proper PPE use in healthcare workers
(Beam, et al., 2011) by including information about behavior rationales, practice
reflection, and investigating the impact of the experience at one month.
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Figure 1. Infection Control Observational Tool: A) Pilot Study Observation Tool for
Donning Activities, B) Pilot Study Observation Tool for In Room Activities, and C) Pilot
Study Observation Tool for Doffing Activities

S. A. #2: Describe participant rationales for the various infection control behaviors
which deviate from standards followed by individual reflections on performance in
comparison to the CDC guidelines for isolation care.
A mixed methods study design was needed for this new approach. The most
straightforward mechanism in mixed method work is using sequential explanatory design
(Tashakkori & Teddlie, 2003). This is commonly used when qualitative data is collected
to further explain a mostly quantitative study. Unexpected quantitative findings can
begin to be explained by the supporting qualitative information. In fact, quantitative
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components can be used to characterize and group individuals for qualitative analysis.
This is called purposive sampling. The qualitative data was collected in two ways. A
‘Think Aloud’ session occurred while reviewing the video recording immediately following
the simulation (Ericsson & Simon, 1993). The participant engaged in speaking aloud
what they were thinking as they performed the simulated experience while watching a
video recording of their performance. Participants were encouraged to speak constantly
while the video played as each step of the process was displayed. The study personnel
gave no verbal or nonverbal feedback on the behaviors demonstrated during the initial
“Think Aloud” session. After the “Think Aloud” session, the participant was given the
guidelines and policies related to the task and again asked to reflect on their
performance. This is a blend of what Ericsson and Simon called concurrent or
retrospective reports (1993). Both concurrent and retrospective verbal reports have
provided valuable data in a similar study examining nursing performance (Whyte,
Cormier, & Pickett-Hauber, 2010).
S. A. #3: Explore the timing of changes in clinical infection control behaviors after
simulation participation over an extended period of time.
A follow up questionnaire was sent after one month to ask participants about
changes in their clinical practice following the simulation experience while identifying
clinical situations which remain a challenge. The answers to open ended questions
were analyzed for qualitative description in the fashion noted by Sandelowski (2000).
Subjects & Recruitment:
The study subjects for this study were recruited using a direct email to Nurse
Managers asking them to forward an invitation email to nurses at a Nebraska hospital
who provide direct patient care at least part-time (0.5 FTE). No attempt was made to
control for gender or ethnicity within our study population. While we focused on nurses
in this project for consistency, we hold that once the concept is proven, modifications to
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the simulations can be made so as to be adaptable to a wide range of health care
professions. After a few months of data collection, recruitment slowed. A flyer was
developed and approved by the IRB. This flyer was shared at manager meetings and
hung on nursing units. Recruitment improved.
Sample Size Calculation:
The goal of this study was to expand our earlier work (Beam, et al., 2011) to
include both a larger sample and a correlated qualitative data collection methodology.
This study did not use the typical probability sampling methods of quantitative research
because of the mixed methods design (Tashakkori & Teddlie, 2003; Sandelowski, 1995).
While this was a convenience sample, strict eligibility criteria gave us a fairly
homogeneous sample of registered nurses who worked at least 0.5 FTE and had the
potential for taking care of isolation patients in a typical work day. We used purposive
sampling in relation to the qualitative data analysis until the data collected appeared to
be redundant and saturated. Qualitative data analysis was driven by the data in the
course of the study (Sandelowski, 2000).
Procedure:
Simulation Details were as follows:
•

Nurses administered an intravenous (IV) medication (IV line into empty fluid
collection bag) and performed a head-to-toe assessment on the patient.

•

A simulated hospital chart was available with pertinent patient information, typical
isolation signage, and a cart complete with many types of personal protective
equipment.

The procedure followed for the study is described below:
1. Study participants were solicited from The Nebraska Medical Center to
participate in a research study of the care of isolated patients.
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2. Participants underwent the consent procedures. Following consent, they were
oriented to the simulation environment to build awareness of the differences
between the simulation environment and actual practice.
3. Participants were directed by a research team member to go down to the
simulated patient room to perform a nursing specific task as described in the
simulation details section to a patient who was isolated due to a potential
contagious upper respiratory infection in a typical hospital environment, and then
return to this spot. They were supplied with patient information and any tools
necessary for the patient visit (syringes, saline flushes, alcohol wipes, etc.).
4. The research team member then left the participant alone. The participant was
given no further instruction. An isolation cart was outside of the room containing
all of the necessary PPE, as well as some that were not necessarily appropriate
for the care of this patient. What the participant utilized was at their discretion.
The participant’s donning procedure was observed by a digital camera outside
the hospital room.
5. The participant entered the patient room and performed a simulated procedure
on a live simulated patient. The patient engaged the participant in a
standardized conversation regarding both health care questions and general
conversation. This was observed by at least two discretely placed high definition
digital cameras inside the hospital room to provide optimal angles.
6. Once the procedure was complete the participant could use the linen hamper,
waste basket, and hand sanitizer located inside the room to doff their PPE inside
the room. Again, this was observed by the cameras.
7. The participant, after leaving the room, then typically washed their hands utilizing
the wash basin next to the isolation cart located on the outside of the patient’s
room. Again, this was observed with the camera outside the room.
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8. The participant returned down the hall to the waiting study team member.
9. Following the simulation experience, the participant was asked to watch their
clinical performance and ‘Think Aloud’ describing the rationales for their behavior
related to patient isolation while the video recording played. Once the video
review was complete, the participant was given the Centers for Disease Control
and Prevention guidelines (available at:
http://www.cdc.gov/HAI/prevent/ppe.html) to review and they were asked to
reflect upon their performance overall.
10. The participant was then asked to complete a post-simulation survey including
demographic information and occupational history. After this, a research team
member read a narrative which asked the participant to demonstrate range of
motion actions for fine and gross motor skills. This skill performance was video
recorded after the simulation.
11. After one month, a study team member sent the participant an email with a link to
a questionnaire about their simulated patient care experience and any practice
changes that resulted from it. All participants were asked if email was an
acceptable communication tool. None of the participants requested mailed
questionnaires.
Data Management/Analysis:
Panel Review & Scoring
The digital video was reviewed and scored by a panel of at least two research
team members to identify the exposure pathways and points of variance with CDC
recommended techniques, particularly for errors in infection control and other potential
exposure pathways by HCWs during PPE donning, patient care, and PPE doffing
procedures using a simulated environment. In order to reduce variability the scoring was
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conducted by the same four members of the research team throughout. The scoring
was done by members of the research team who have no administrative responsibilities
over the study participants and who have the expertise necessary to completely evaluate
each of the video captures. Evaluation was accomplished by having reviewers watch
the video capture independently and conduct an evaluation using the developed scoring
sheet. Then the research team members reviewed the video capture together until a
consensus was achieved, and this consensus was the final scoring for each participant.
In the event of a disagreement, additional study team members were consulted to
determine the scoring.
Qualitative Description of Think Aloud, Performance Reflection, and Interview Content
By the use of qualitative description, the study team refrained from designating
the work as a certain type of qualitative study such as phenomenology or grounded
theory (Sandelowski, 2000). Recordings were dictated and entered into word
processing software. Content analysis was conducted as described by Sandelowski
(2000). This analysis remained close to the data itself. Codes were systematically
applied that were generated simultaneously from the data itself. A strong group of
content experts was available in the research team for discussions related to coding
systems.
Statistical Analysis
The scoring data were collected and described primarily using descriptive
statistics. These results were then further analyzed by using purposive sampling to look
at the coordinated qualitative findings. In the future intervention studies may utilize
experimental and control groups to demonstrate behavior change. With this quantitative
work, larger sample sizes will be required.
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Data Storage, Security, and Confidentiality
All collection of data was done using a laptop with an encrypted hard drive.
Additionally, all memory storage devices associated with this project were encrypted and
password protected. All electronically collected data was transferred to the secured
servers at UNMC and immediately after the transfer of data the portable storage devices
had the files both erased and over written. All video captured during the study was
saved on secured UNMC servers with no participant identifiers in the file names. Audio
files submitted for dictation were de-identified. All data collection tools were collected on
paper documents and stored in locked cabinets of the study personnel’s locked offices
on the University of Nebraska Medical Center/The Nebraska Medical Center Omaha
campus. All data either electronic or hardcopy were de-identified and only the PI had
access to the coding master sheet. Only study personnel had access to the data. All
video recordings and photographs will be deleted or destroyed no later than five years
following the completion of the study.
We believe the successful completion of this study increased patient safety
knowledge about clinical nursing behaviors for infection control through dissemination
and publication. The risks associated with participation in the study were less than a
typical patient care situation. While the participant was to provide care as if the patient
had been placed in an isolation room, there was no ill patient. Care was taken to make
patient care tasks safe for participants (ex. avoiding any puncture of the skin, real
medications, or use of needles). The greatest risk involved the video capture,
debriefing, and interview process which could have resulted in anxiety or
embarrassment.
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Time Frame:
Activity
1. Start Up Activities: IRB application, purchase
technology items, prepare location and simulation
supplies, recruit subjects.
2. Mixed Methods Study: Data collection,
transcription, and data analysis.
3. Study Completion: IRB Documentation,
manuscript writing, and dissemination.

Time Frames
Started Sep 2012
Dec 2012 to Jul
2013
Dissertation goal:
Dec 2014
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CHAPTER 4: MANUSCRIPT #1

Introduction:
Infection prevention continues to be an issue across the healthcare spectrum. A
number of studies have been published looking at basic procedures such as hand
hygiene, but methods have not been consistently applied between studies and the
results are often not completely explained.1 Recent research approaches to hand
hygiene have included qualitative data collection,2 a combination of videotaping and selfreport,3 and performance improvement projects.4 Additional methods to evaluate
infection prevention behavior are needed to both enhance continued learning and
determine infection control compliance within active healthcare workers.
Personal protective equipment (PPE) use also remains an important component
of healthcare worker safety and infection prevention. Surveys and epidemiological
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investigations have found PPE use to be suboptimal or inadequate.5,6 Some research
studies have examined contamination after doffing multiple types of PPE7 and glove
removal.8 These studies have noted the potential for contamination with these
processes. Observational studies have commonly investigated PPE by examining the
care of isolated patients,9 care given during resuscitation,10 and pediatric resuscitation
using in situ simulation.11 All of the studies noted the need to improve performance
related to the use of PPE. A study by Mawdsley, Garcia-Houchins, and Weber12 showed
a surveillance program for contact precautions can lead to improvements to adherence
to implementing precautions, but it did not report any behavioral observations at the
bedside or infection control outcome data. While the challenges associated with patient
isolation are noted in the literature, a more consistently applied mechanism to evaluate
specific clinical behaviors safely is needed.
Simulation study designs need to be more consistent and robust to strengthen
the evidence for use of the educational technique, and current study designs have not
focused on the transfer of knowledge to clinical practice.13 The research method
described in this study used Donald Schön’s theory of reflective practice14 in a high
fidelity simulation using a live standardized patient recorded by small cameras.
Immediately after the simulation experience, all study participants used retrospective
verbal report techniques while viewing the patient care performance to describe the
experience of the care processes.15 This study has the advantages of reducing the
intimidation of having an evaluator in the presence of the subject and removing any guilt
related to harming a real patient.
Methods:
This study evaluated the isolation behaviors of nurses for airborne and contact
precautions in a simulated patient care setting at a Midwestern academic health science
center. The hospital is a 627 acute care bed facility. The goal for enrollment was 20 to
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30 staff nurses. This method of evaluation included a real hospital room and small High
Definition (HD) digital cameras. The study built on previous work related to infection
prevention.16
Following an expedited review by the Institutional Review Board, study
participants were recruited by email. Due to system limitations for mass email, nursing
managers were asked to forward the study invitation to their nurses. To improve
recruitment, a flyer was later developed and posted in break rooms and nursing
workspaces in the hospital. The nurses had to work at least 20 hours per week as a
nurse in a direct patient care role to be included in the study. After consenting to
participate in the study, each nurse was video recorded during a simulation experience.
The nurses were assured prior to signing consent that all video would be maintained on
encrypted drives and only be available to study personnel.
The nursing patient care scenario was similar to one used in our previous
study.16 The scenario and simulation experience were intentionally simple to reduce the
demonstration of errors which might arise from emergent care situations and to
effectively test the methodology. The scenario involved a patient hospitalized to rule out
tuberculosis. The patient had orders for airborne and contact precautions as well as
continuous intravenous fluids. The care included an early shift head-to-toe assessment
and a request for some pain medication.

A computer workstation, essentially a laptop

computer on a cart with a corded barcode wand, was a part of the simulation. For
simulation purposes, there was no active patient to select in the electronic medical
record and no active barcode on the armband to scan. Nurses were told to pretend as if
they were using the computer workstation in their unit or practice area.
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Figure 1. Hospital Room Simulation Layout

The simulated care experience used a live volunteer as the simulated patient and
took place in a fully functional patient room at The Nebraska Medical Center in Omaha,
Nebraska (Figure 1 above). One camera outside the room captured donning behaviors
and the room exiting process. Two cameras were placed in the room strategically to
capture nursing care at the bedside and doffing behaviors at the patient room door from
two angles. The lightweight HD cameras were hung with simple clamps from the ceiling
tile brackets. The simulated patient wore a hospital gown, a fake intravenous line taped
to her arm, and a drainage bag under the bed linens for the infusion of medication and
fluids. The pain medication the nurse gave was tap water in a syringe marked as a
diluted 2 milligram dose of morphine sulfate. Isolation materials included typical signage
for the facility and an isolation cart in the hallway outside the patient room containing
gowns, gloves, masks, and eyewear. The gowns used in the study come in one size
and were washable. The gowns were made available to the participants as they would
normally come from medical materials. Gloves in all sizes were available on the cart.
An N95 respirator was to be used in the simulation because of the physician orders in
the scenario, isolation signage, and patient condition. There were both N95 respirators
and standard procedure masks on the cart. Many styles of eyewear were available for
use. Waste receptacles and linen hampers were available in the room as appropriate.
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Within 10 minutes of completing the simulation experience, the nurses were asked to
“think aloud” as they reviewed their video recording describing the rationales for their
patient isolation behaviors.15 The nurses were cued on certain behaviors of interest
including cleaning the computer workstations and use of the N95 respirator. The HD
cameras recorded to Secure Digital or SD cards which were transferred to a computer or
laptop for immediate viewing. After the video review was complete, the nurses were
given the Centers for Disease Control and Prevention (CDC) Guidelines for the use of
PPE17 to review and comment. The audio of the “think aloud” session and CDC
Guideline review was recorded and later transcribed for analysis. Similar to our previous
study,16 a scoring sheet was developed to evaluate the nursing behaviors for analysis.
Video recordings taken in the hospital room were edited to view side-by-side
simultaneously. At least three reviewers scored each video recording of the nurse’s
performance individually, and then any discrepancies were discussed until consensus
was reached on the scores for each component.
There were three more steps for the nurses to complete study participation.
First, they were asked to complete a demographic survey on age, gender, race,
education, years of experience, nursing practice, fatigue and blood borne pathogen
exposure. Next, the nurses were asked to do some range of motion activities while
being video recorded. This was to ensure that there were no physical limitations that
might have impacted performance during donning and doffing activities. The
movements specifically included the ability to reach the neck and waist areas as well as
finger dexterity. The camera that was outside the patient room was used for this video
recording. Finally, the nurse was asked for an email address and told that they would
receive a follow up email at 1 month with a short 3 open-ended question survey about
practice change after the simulation, the timing of practice change, and additional clinical
challenges.

27
Results:
There were 24 nurses that consented and participated in the study. Three of the
24 participants were male. The age range was from 24 to 61, with an average of 33
years old. 92% reported at least having a Bachelor of Science in Nursing. 46% of the
nurses had over 5 years of clinical care experience. 42% had a previous experience
with a personal blood borne pathogen exposure. The computer workstation for
medication administration was a part of the patient care simulation that each nurse was
told to use as they would in their patient care area. As a result, 18 brought the computer
workstation in and out of the room, while 6 left it in the room.
Video scoring was divided into three major categories. The data is presented as
a tally of individual behaviors in tables for ‘quality of donning’, ‘in room activities’, and
‘quality of doffing’ (Table 1, 2, and 3 below). The “think aloud” and CDC Guideline
review transcriptions were coded using qualitative description as described by
Sandelowski.18 The 39 different codes were categorized into ‘donning issues,’ ‘in room
issues,’ and ‘doffing issues’ in a similar fashion to the video scoring data.
Within donning quality (Table 1 below), poor compliance was noted with gowns,
respirators, and eye protection. All nurses entered the room wearing a gown, but the
gowns were rarely tied at the neck and the waist. One nurse talked about taking special
care to untie knots in the gown and tie it snugly at the neck, while four others admitted to
routinely just throwing the knot over their head. Eight nurses verbally noted routinely not
tying the lower tie in practice. While all nurses in the study used the N95 mask, the
number who sealed the mask was small, and fit checking was not done at all. One
nurse commented, “And I have been fit tested, but I didn’t do the actual mask, I
mean…when I put it on.” One male nurse did not recognize that his facial hair would
impact the respirator seal. A female nurse commented on hairstyle factors impacting the
mask seal. Two nurses only used one of the two straps of the N95 respirator during the
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simulation. When asked about the respirator’s second strap, one nurse said “We have a
TB room, but not until we get them…do we break out that equipment.” Another
comment indicated a knowledge deficit regarding airborne precautions saying, “And like I
said, I didn’t know, with TB, like it doesn’t show on the sign that you need a mask…do
you?” Eye protection was rarely used. In discussing the CDC guidelines,17 one nurse
had never thought of administering an IV medication as a splash risk. Three nurses
used the eyewear available on the isolation cart. Two of the nurses donned them
correctly while the third one placed the eyewear on their head like a headband and
adjusted it for use when needed during the patient care. Donning order was never done
exactly as prescribed by the CDC guideline.17 One nurse commented, “I don’t…to me I
don’t really think it matters when you’re going in, I can obviously understand it more
going out.”
Table 1. Donning Quality Video Scoring Results, n=24 nurses
Quality of Donning

MET

1) Perform hand washing
2) Gown right side out
3) Tie gown at neck and waist
4) Ties done in bow (secure but easy to
untie)
5) Don N95 Respirator
6) Seal N95 Respirator (fit snug to face and
below chin)
7) Fit-check the N95 Respirator
8) Respirator straps positioned correctly
(placed behind head and at base of
neck)
9) Don eye protection
10) Don gloves with gown cuffs under the
glove covering wrist of isolation
gown

21
14
6
8

NOT
MET
3
10
18
16

24
10

0
14

0
12

24
12

2
16

22
8

Regarding in room activities (Table 2 below), most nurses refrained from
touching unprotected areas of their own bodies with the gloves and did not conduct
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unnecessary touching of surfaces in the room. In the simulation, most nurses completed
the head to toe assessment before giving the medication, but one nurse noted infection
control reasons for doing it differently by saying, “I guess my rationale here was assess
for pain before I give the pain medications, use the computer while I haven’t had any
direct contact with the patient or any of the patient’s belongings.” Gaps in protection at
the wrist between the gown and glove cuff as well as respirator adjustment did occur in
the room, potentially reducing the participant’s protection from fomites or aerosols.
Gaps were more common in taller nurses, indicating the gowns were not large enough
for some of them. Two nurses spoke specifically about the discomfort of the respirators.
Another nurse spoke about adjusting the respirator in the room, and then changing
gloves before returning to patient care. Items such as stethoscopes for patient care
were consistently scored as creating an opportunity for exposure due to the lack of
disinfection either before or after use. Comments about disinfecting the stethoscope
focused on the earpieces and the bell, with little attention given to disinfecting the entire
piece of equipment or transmission of germs up around the face when used.
Table 2. In Room Video Scoring Results, n=24 nurses
In Room Activities
1) Touch their face or other non-protected
areas of body with gloves (If so, list
# of times)
2) Gap develops between gown cuff and
glove
3) Performed unnecessary/unwarranted
touching of the environment
4) Adjust N95 Respirator (breaking the seal)
or other PPE
5) Unprotected areas of body in contact
with potentially contaminated
surfaces or objects in room
(example: stethoscope)

Yes
4

No
20

9

15

3

21

9

15

22

2
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Table 3. Doffing Quality Video Scoring Results, n=24 nurses
Quality of Doffing

MET

1) Remove gloves using glove-in-glove
technique
2) Dispose of gloves properly
3) Remove eye protection without touching
face
4) Reusable eye protection placed in the
contaminated area
5) Untie gown and remove by grasping
gown at the shoulders
6) Remove gown by slowly pulling it down,
rolling inside out to form a bundle
and keeping gown close to body
7) Open laundry hamper using foot pedal
8) Place entire gown into laundry hamper
9) Remove respirator by grasping elastics
at the back of the head and moving
them forward
10) Dispose of respirator in garbage
11) Use of hand sanitizer available before
touching door to exit
12) Perform hand washing

12

NOT
MET
12

21
3

3
0

0

3

5

19

6

18

7
24
5

17
0
19

24
5

0
19

20

4

Finally, regarding doffing activities (Table 3 above), the items used were
consistently discarded properly, but many nurses did not perform slow and intentional
removal of gowns or masks. The nurses did not often recognize the aerosolization
issues related to rolling the gown, but one nurse said, “I’m trying to take this off like
inside out…and then I roll it, but I roll it kind of towards me instead of away from me.”
Doffing order was also never done exactly as prescribed by the CDC guideline,17 but
some nurses did properly sequence the items they chose to wear. For example, one
nurse said “…start taking off my gloves first, keeping in mind that they’re dirty on the
outside…and then my gown keeping in mind that it too is dirty on the outside. And…my
mask is last.” Two nurses questioned taking the gloves off first. One of those nurses
commented, “Okay, interesting…and I don’t know why…usually gloves are the last thing
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I take off just ‘cause, in case I touch anything else or something, you know, then it’s like,
I’m not doing it with my bare hands.”
Decontamination of the computer workstation created multiple challenges for the
nurses and further analysis and study is needed. Two nurses did not clean the
equipment at all. Disinfection of equipment was done by nine of the nurses with bare
hands. Four nurses reached into the clean isolation cart with dirty hands to get gloves
for cleaning the computer workstation, while three donned new gloves before exiting the
room. Disinfection focused on areas that the nurse or patient touched during the patient
care scenario instead of all surfaces of the equipment.
Upon review of the range of motion movement video recordings, only one
participant displayed stiffness with large body motions and some lack of control with fine
motor skills. In the simulation, this participant asked for help in tying the gown’s lower tie
and a research team member assisted. All other nurses performed the range of motion
movements without difficulty.
The emailed one month follow up questionnaire was completed by 14 of the 24
participants. The first question asked about changes in clinical practice following the
simulation experience. The most common term used was “order” in that nurses
recognized there was a proper order and process for donning and doffing their PPE.
Some other comments included thinking about transporting patients with isolation
precautions and more frequently disinfecting laptop computers on carts used in patient
care. One noted sharing their learning experience with coworkers. The second question
asked when the changes in practice occurred if they were noted in the first question.
Seven of the answers indicated an immediate change in practice. One participant noted
within a couple of weeks, and another nurse thought that while the order concepts
created change immediately some other behaviors changed over time as they thought
more about the care of the isolation patient. The last question asked about additional
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clinical challenges in the care of patients in isolation. Three participants spoke of time
challenges and demands of clinical care, and one of those three nurses mentioned the
culture of the institution. Three nurses talked about cleaning items taken from room to
room in the care of the patient and the quality of room or patient care spaces. Gowns
were specifically noted by two respondents. One commented on gown size, while
another spoke to knots when the gowns come back from the laundry.
Discussion:
A simulation-based approach to clinical behavior analysis in this study provided
rich data on how patient care was delivered at the bedside. Investigating infection control
processes specifically necessitated combining performance scoring and reflection in a
new way. The study question needed to include both what is happening at the bedside
and why it is happening. The idea for this combination of study techniques came from
the literature. Whyte, Cormier, and Pickett-Hauber19 successfully used concurrent and
retrospective verbal reports to evaluate prioritization and provision of care for congestive
heart failure patients using simulation, but did not specifically score or evaluate certain
clinical behaviors within the simulation. In our study the verbal reports were not
collected concurrently, but instead as the video of the nurse’s performance were
reviewed. This allowed the nurse to operate in the simulation as they normally would to
give patient care, but then step back and fully review their own performance with the
benefit of hindsight.
The science of simulation in healthcare for education continues to evolve13 and
randomized controlled trials using the technique are rare.20 While the research questions
for this simulation research were specifically related to infection prevention behaviors in
nurses, this reflective practice method could be applied to many clinical skills and other
health professions. This amount of evaluation is most likely useful when the skill
requires the delicate balance of self-protection from hazards and maintaining sterility. In
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this study, the simulated patient care scenario engaged the nurses to get into a normal
nursing role, but the study was not without some limitations. Our work only evaluated
washable gowns, when many healthcare facilities utilize disposable ones. An interactive
electronic medical record for using the computer workstation to administer the pain
medication would have added another layer of complexity and realism. Also, the sample
size was small and included nurses from only one institution.
Similar to our previous study,16 the nurses demonstrated several errors in
donning and doffing their PPE despite the fact they were knowingly video recorded. No
nurses in the current study described specific behaviors caused by anxiety related to the
filming. Our findings regarding individual PPE behaviors were similar to Watson, et al.11
and Mitchell, et al.9 In the study by Watson, et al.,11 issues with tying of the gown and
sealing the N95 respirator were noted, including strap placement. Eye protection use in
the Watson, et al.11 study was 61% for pediatric resuscitation simulations, and the
Mitchell, et al.9 noted 37% eye protection use in a multi-hospital observational study of
healthcare workers caring for febrile respiratory illness patients. These rates are higher
than the findings in this study, perhaps due to the Hawthorne effect. The simulation
study11 used a mobile audio-visual cart, while the observational study9 used auditors.
The qualitative findings of this study describe a knowledge deficit among nurses
in some specific areas regarding the use of PPE for infection prevention. The N95
respirator is a good example of the educational need. Nurses in the study were well
versed in the need for fit testing the respirator and wearing the right size, but when
applying it for use they did not routinely use proper strap placement or demonstrate the
fit check before entering the room. Protective eyewear is another piece of equipment
that was misunderstood. Nurses in the study did not understand its role in their selfprotection, either in isolation settings or in typical patient care situations with a high risk
of splash. Several clinical questions arose for the research team regarding the use of
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protective eyewear which have never been addressed in the nursing literature simply
because nurses do not routinely wear safety eyewear in patient care, even when
emptying drains, commodes, or working with other invasive lines. Gown and glove use
also garnered multiple comments from the nurses. While some nurses explained errors
due to misunderstanding, many described knowingly and repeatedly committing an error
because of personal discomfort, perceived low risk, or lack of time.
As discussed earlier, Watson, et al.11 conducted a study of PPE adherence in
pediatric resuscitation during the 2009 pandemic using high fidelity simulators, video
recording, and anonymous surveys, but they did not conduct any type of interview or
collect qualitative data from each participant. Our study used a very simple, predictable
patient scenario in order to eliminate errors caused by the emergent nature of a patient
condition such as resuscitation. Discrete cameras in a real hospital room also helped to
increase the simulation’s fidelity. Collecting video of range of motion movements
provided new information about the physical limitations of our study participants and how
this might impact PPE use.
Standard educational techniques have not led to ideal compliance, and we
propose using video feedback to enhance learning and to ultimately reduce behaviors
which routinely increase the likelihood of disease transmission. This educational
research method could be applied to many complicated clinical skills. Behavior
modeling and dialogue have been shown to be more effective in many types of safety
training.21 Healthcare providers are rarely given the opportunity to see themselves
perform their duties and to reflect on the quality of the care they provide. In our study,
nurses who completed the one-month follow up questionnaire predominantly felt the
simulation experience positively changed their clinical practice immediately. Integrating
some features of this research study into educational delivery mechanisms on infection
control practice may be helpful in creating lasting impressions for nurses providing care
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at the bedside. Future studies should include multiple simulation events to examine
behavior change over time as well as the investigation of infection control behaviors in
different types of healthcare providers both in the hospital and ambulatory settings.
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CHAPTER 5: MANUSCRIPT #2
Title: Evaluating isolation behaviors by nurses utilizing computer workstations at the
bedside
Submitted for publication to Infection Control and Hospital Epidemiology
Computers are an essential component of today’s healthcare system worldwide.
While the computer brings data instantly to the bedside and helps to optimize patient
care, the equipment itself poses infection control challenges for proper use and
disinfection. Recommendations for disinfecting computer equipment emerged in the
literature as computers became more common at the bedside.1,2 Computer keyboards
specifically have been shown to be contaminated with pathogens related to healthcareassociated infection such as Streptococcus, Clostridium perfringens, Enterococcus,
Staphylococcus aureus, fungi, and gram-negative organisms.3,4 Nurses are the front line
workers using these technologies at the bedside. Putting a computer on wheels (COW)
has become more common in healthcare today because they are used for charting
health assessments and medication administration. The computers are usually laptops
fastened to some type of wheeled cart or workstation. This mobility causes additional
challenges for preventing the spread of hospital acquired infections and how to clean
such equipment. Education and evaluation of surface cleaning has been shown to
dramatically improve the cleaning of keyboards on COWs in the clinical setting.5
There is increasing evidence that contaminated surfaces in hospitals can
transmit disease between patients6 and that routine environmental disinfection of high
touch surfaces can reduce transmission and infection rates.7 The decontamination and
disinfection process of these high touch surfaces is complicated by many variables such
as the type of cloth used, how much disinfectant should be applied, the amount of
friction, appropriate surface areas to clean, and drying times.8 The cleanliness of
computers and portable medical equipment has been shown to be a challenge for
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healthcare workers which may require increased education on disinfection processes.9,10
With so many different types of portable equipment in hospitals, the task of cleaning
specific hospital room items is often designated to either housekeeping or the nursing
staff.
Nurses commonly use isolation precautions to care for patients with an
unidentified respiratory illness. In many hospital units, a nurse is assigned a COW for
the entire shift and often times there are not enough computers to have a dedicated
COW in the isolation rooms. This leads to the difficult clinical challenge of entering and
exiting the isolation room with the COW. The COW is an essential tool in the safe
administration of medications.
This study used a simulated patient care scenario to investigate common nursing
behaviors with a COW for patients in isolation as part of a larger study on evaluating
infection control behaviors in nurses.11 The theoretical framework for this research
combined the reflective practice work of Donald Schön12 using discrete video recording
with a retrospective “Think Aloud” process13 for capturing the rationales for clinical
behaviors from the nurses.
Methods
This research study was approved by the UNMC Institutional Review Board by
expedited review, and it was approved as IRB #450-12-EP.11 A hospital room in a large
Midwestern healthcare center was used to create the simulation experience. Using a
clinical scenario from our previous study,14 a live volunteer acted as the simulated
patient. The simulated patient wore a hospital gown and hospital armband. An
intravenous line was attached under the sleeve of the gown which allowed the
continuous fluids to drip into an empty bag under the sheets of the hospital bed. The
appropriate isolation for this patient condition was determined to be airborne and contact
precautions. The patient care scenario involved conducting the initial patient
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assessment and administering an intravenous 2 milligram dose of morphine sulfate. A
typical isolation cart with personal protective equipment (PPE) was available to the
nurses at the door to the patient room. The signage for airborne and contact
precautions was also posted at the door. Study personnel explained the care scenario
and introduced the nurse to the hospital room before the simulation began so the nurse
could ask any questions before the simulation started. When the nurse was ready to
begin the simulation, a digital camera on a tripod recorded hallway activities and two
small High Definition (HD) cameras attached to the ceiling inside the room were
activated to record the in-room patient care activities.
A COW was available to the study participants in the hallway outside the patient
room. Nurses were encouraged to use the COW as they would in their nursing unit.
Thus if the nurses worked in a unit where each hospital room had its own computer, the
COW would remain in the patient room for the simulation. If the nurses worked in a unit
where COWs were taken from patient room to patient room with the nurse, they were
encouraged to provide the care to the simulated patient in the same way.
The COW was a laptop connected to a wheeled cart with panels to hold the
keyboard and mouse. The cart also had baskets and a holder for the barcode scanner
(Figure 1). The hospital uses an electronic medical record (EMR) for patients who are
admitted. For the scenario, the simulated patient did not have a record in the EMR. The
nurses were told to go through the motions for entering information into the EMR that
they normally would as they participated in the patient care simulation. This meant the
nurse typed on the keyboard to activate the particular physician’s order, then scanned
the armband and syringe, and finally administered the medication even though the
computer was not responsive to the typing or scanning.
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Figure 1. Actual Image of Computer on Wheels (COW) used for study.
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Once the simulation was completed, nurses were shown the video recording of
their performance in a private area. They were asked to “Think Aloud” as they reviewed
the video talking about their behaviors related to isolation care.13 Nurses were
specifically cued to talk about their knowledge related to disinfecting the computer
workstations during the debriefing. The debriefing session was audio recorded and
transcribed for further qualitative analysis. At one month following the simulation
experience, a three question survey link was emailed to each study participant asking
them to comment about changes in their clinical practice, the timing of clinical practice
changes, and continued clinical challenges.
The research team later scored the video recordings to evaluate the quality of
isolation care behaviors. A more detailed analysis was done of behaviors directly
related to the use of the COW going in and out of the isolation room.
Table 1. Study Participant Demographics, n = 18
Age
Mean
Range
Degree
Bachelors of Science in Nursing
Associates Degree
Diploma Program
Years in Nursing
<5
5 to 10
11 to 15
16 to 20
> 20
History of Bloodborne Pathogen Exposure
Yes
No
Race
White
Asian
Gender
Male
Female

32.3 years of age
25 to 61 years of age
16
1
1
10
5
1
1
1
7
11
16
2
2
16
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Results
Twenty four nurses participated in the larger study, but only eighteen nurses
brought the COW in and out of the patient room as part of the patient care scenario.
This analysis will focus on those eighteen study participants (Table 1 above).
Specific behaviors were analyzed for entering the room with the COW and
providing patient care. None of the nurses in the study deliberately wiped down the
COW before entering the room although disinfectant wipes were available. Two of the
nurses stated they assumed the COW was clean in the scenario. Fifteen of the nurses
had physical contact with the patient regarding the physical assessment before returning
to the COW for the administration of pain medication, potentially contaminating the COW
surfaces. Three nurses gave the two milligram dose of morphine sulfate first and then
proceeded to do the physical exam. One of these three nurses specifically described
prioritizing the pain medication administration to keep the COW as clean as possible. Of
the three who prioritized the medication administration, two of them demonstrated
touching their mask or other objects in the room before using the COW which may have
contaminated their gloves before conducting the medication administration procedure.
Integrating safely exiting the patient room with the COW into the PPE doffing
process led to some challenges for the nurses (Table 2 below). Fifteen nurses
controlled the COW upon exit of the patient room, but on three occasions the COW was
sent out of the room dirty before the nurse closed the door again and doffed their PPE.
The COW was unattended in all three cases until the nurse emerged from the patient
room to do the disinfection. The time that the COW was unattended in the hallway
ranged from 20 to 40 seconds. There were several variations in practice related to hand
hygiene in the transition from removing isolation PPE to COW disinfection. Only one
nurse left the room after doffing the isolation PPE with no hand hygiene or donning of
new gloves before touching the COW. Eight performed hand hygiene alone between
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removing their isolation PPE and touching the COW. Two nurses used hand sanitizer
followed by donning new gloves between removing their isolation PPE and touching the
COW. Five nurses used gloves alone between removing the isolation PPE and touching
the COW. All together seven of the nurses donned new gloves for the disinfection of the
COW. Three nurses got their gloves in the room, while the other four got them from the
isolation cart. Of those four nurses who got the gloves from the isolation cart, only one
used hand sanitizer before reaching into the clean cart and the nurse still contaminated
their hands with a dirty mask before reaching into the isolation cart for the new gloves.
Table 2. Computer on Wheels (COW) Room Exit and Disinfection Behaviors by
Individual

COW controlled
on exit
Hand hygiene
between
doffing isolation
PPE and
disinfecting
COW:
Hand
Sanitizer
Handwashing
Gloves
New gloves
obtained from:
In room
Isolation cart
No disinfection
of COW
Disinfection of
COW outside
room

Nurse Participant Behaviors by Individual (n = 18)
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
X X X
X X X X
X X X X X X X X

X

X X

X X

X

X
X X X X X

X

X X X

X

X

X

X

X

X X X X

X

X

X

X

X
X

X

X

X

X

X

X

X
X
X
X

X
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Two of the nurses participating in the study did not make any attempt to disinfect
the COW upon leaving the patient room. During the debriefing session, one of these
nurses stated, “So I have to admit, maybe, if I were like in real life going in and out of an
isolation room if I had like floated I might have cleaned off my computer, but I know that
like ordinarily when I go in and out I don’t clean off my computer between patient rooms.”
The other nurse recognized the lack of COW disinfection in the review of the video
recording. The nurse described how taking a COW in and out of a patient room is not a
normal process on the unit where they normally give patient care. This nurse discussed
using disinfection wipes commonly to clean other portable medical equipment, like
thermometers or glucose meters, when used from room to room. Although all nurses in
the study were given the same study introduction and direction on COW use for the
simulation, in this case a misunderstanding occurred.
Table 3. Surfaces of Computer on Wheels (COW) disinfected by Nurse

Disinfected
COW surfaces:
Mouse
Wand
Keyboard
Screen
Cart (base)
Cords
Cart top

Nurse Participant Behaviors by Individual (n = 18)
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
X
X X X
X
X X X
X X X X X
X
X X
X
X
X
X X X X X

X X X
X X X X
X X X X
X X
X X X X

X
X
X
X
X

X
X
X

X
X
X
X

X
X

X
X

X
X
X

X

X
X
X

X

X

X
X
X
X
X
X

Of the 16 nurses who disinfected the COW after use, all of them demonstrated
the disinfection process outside of the patient room. Despite this, one nurse verbalized
that cleaning the COW on their unit was normally done in the patient room. Nurses
disinfected the COW in areas that they felt were contaminated in patient care such as
the mouse, the barcode wand, the keyboard, and the cart’s top surface (Table 3). The
screen, cords, and cart base were wiped off much less frequently. No measures of
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wiping quality were recorded in this study beyond the video recording, but the wiping
was rarely for more than a few seconds and with little friction or force applied.
In the debriefing, nurses were cued to talk about any education they receive
related to COW disinfection. Nine nurses stated they were told to wipe the COWs down
with disinfectant wipes, but no special directions were given. One nurse stated that
cleaning the COWs is a part of annual competency training delivered through an online
learning management system. In the survey conducted one month after the simulation
experience, three of the 18 nurses evaluated made comments related to the COW when
asked about continued clinical challenges. Two noted concerns related to ensuring that
portable equipment used from room to room is properly disinfected. Another specifically
mentioned taking COWs and other medical equipment from room to room as part of the
culture of the institution.
Discussion
Several isolation behaviors related to COW use by nurses in patient care were
evaluated. The nurses in our study frequently interacted with the simulated patient by
touching them or touching potentially contaminated surfaces in the room before using
their computer equipment in the isolation room. This action likely contaminated the
surfaces of the COW touched by the nurse. There is increasing attention on how human
behaviors result in contamination. Smith, Young, Robertson, and Dancer15 examined
sequential hand-touch events of both hospital employees and hospital visitors using
covert auditing methods. They found that the computer was one of the most frequently
handled pieces of equipment. Hand touch events can only give a theoretical explanation
for spreading organisms, but other studies have looked specifically at microorganisms
found in certain kinds of hospital wards. Moore, Muzslay, and Wilson16 conducted a
zonal analysis of predetermined surfaces for bacterial contamination in two different
types of hospital wards, concluding that cleaning processes need to be specific to the
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likely areas of contamination. With increased attention regarding surface contamination
in hospital rooms, nurses need to be more aware of behaviors that might spread
pathogens both around an individual patient room and on items used from room to room.
In our study, considerable variation in the process for exiting the isolation room
with a COW was noted, which leads to questions about the correct process. There is no
guidance for how to properly exit an isolation room with a COW. It seems important to
wear new gloves to handle the contaminated COW after dirty gloves, gown, and
eyewear are removed. Applying hand sanitizer and then donning the new gloves in the
room seems appropriate. Controlling the COW with room exiting and disinfection
immediately upon closing the door also seems logical. For airborne precautions,
following the Centers for Disease Control and Prevention Guidelines17 to the letter would
mean removing the respirator outside the room with the door closed after the equipment
disinfection so that you can remove the mask with cleaned hands and then perform hand
hygiene a second and final time. This is a complicated process that would require
significant thought and training to execute properly. Different levels of isolation would
modify the process as well which adds another layer of complexity for the nurse at the
bedside.
In our study, the nurses were entering an airborne and contact isolation room.
With the risk of infectious particles hanging in the air, taking a COW into a patient room
means that theoretically all surfaces of the equipment would be contaminated regardless
of the nurse’s actions while in the room. Upon exiting the room, the equipment would
require cleaning and disinfection. While some hospitals or patient units may have
enough COWs to leave them in isolation rooms for an entire patient admission or
permanent computers at the bedside, this is not always the case. Moving a COW puts
the nurse in a difficult situation particularly if the nurse-to-patient ratio is high or if the
patient acuity is demanding. Critical patient needs will likely be prioritized over the
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thorough cleaning of a COW. Based upon the cleaning behaviors demonstrated in this
study, it appears that nurses primarily focus their cleaning efforts on high touch surfaces
and not on the entire device or COW. The finding that three nurses sent the
contaminated COW out of the room unsupervised is also concerning in terms of the risk
for unexpected touching of contaminated surfaces.
Our study is not without limitations. While the HD cameras are small, it is not
possible to completely remove the Hawthorne effect. Participants may have been
embarrassed by the videotaping which could have altered their caregiving or COW
cleaning performance. They may have also felt that because this was a simulation, the
quality of their action was not as important as it is in clinical practice. On the other hand,
the nurses may have performed better than they normally do in practice because they
knew they were being watched. Another limitation of the study was the lack of a
responsive EMR in the COW. The lack of fidelity in using the COW may have altered
some patterns of behavior for the nurses, particularly during the administration of the
medication. The study included only nurses from one institution in one Midwestern city.
There were no efforts to control for where the nurses received their nursing instruction to
become a registered nurse, and this information was not collected. The nurses who
participated in the study were from many different units within the hospital, so education
related to disinfection of COWs may have varied among them.
Computer technology improves patient safety and reduces human error, but a
COW at the bedside is not without infection control challenges. With increased attention
on surface disinfection of hospital room equipment, specific education is needed for
clinicians and housekeepers on best practices so that computer equipment which
improves patient safety does not also serve as a distribution vehicle for hospital acquired
infections. Our findings indicated that nurses are negotiating these challenges to the
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best of their ability, but there is a need for more detailed guidance in the use and
cleaning of mobile devices for care of the isolated patient.

51
References
1. Neely AN, Weber JM, Daviau P, et al. Computer equipment used in patient care
with a multihospital system: Recommendations for cleaning and disinfection. Am
J of Infect Control 2005; 33: 233-237.
2. Rutala WA, White MS, Gergen MF, & Weber DJ. Bacterial contamination of
keyboards: Efficacy and functional impact of disinfectants. Infect Control Hosp
Epidemiol 2006; 27:372-377.
3. Schultz M, Gill J, Zubairi S, Huber R, & Gordin F. Bacterial contamination of
computer keyboards in a teaching hospital. Infect Control Hosp Epidemiol 2003;
24:302-303.
4. Wilson APR, Hayman S, Folan P, et al. Computer keyboards and the spread of
MRSA. J Hosp Infect 2006; 62:390-392.
5. Po JL, Burke R, Sulis C, & Carling PC. Dangerous cows: An analysis of
disinfection cleaning of computer keyboards on wheels. Am J of Infect Control
2009; 37: 778-780.
6. Otter JA, Yezli S, Salkeld JAG, & French GL. Evidence that contaminated
surfaces contribute to the transmission of hospital pathogens and an overview of
strategies to address contaminated surfaces in hospital settings. Am J of Infect
Control 2013; 41: S6-S11.
7. Donskey CJ. Does improving surface cleaning and disinfection reduce health
care-associated infections? Am J of Infect Control 2013; 41: S12-S19.
8. Sattar SA & Maillard J. The crucial role of wiping in decontamination of hightouch environmental surfaces: Review of the current status and directions for the
future. Am J of Infect Control 2013; 41: S97-S104.
9. Fukada T, Iwakiri H, & Ozaki M. Anaesthetists’ role in computer keyboard
contamination in an operating room. J Hosp Infect 2008; 70: 148-153.

52
10. Havill NL, Havill HL, Mangione E, Dumigan DG, & Boyce JM. Cleanliness of
portable medical equipment disinfected by nursing staff. Am J of Infect Control
2011; 39: 602-604.
11. Beam, EL, Gibbs, SG, Hewlett, AL, Iwen, PC, Nuss, SL, & Smith, PW. A method
for investigating nursing behaviors related to isolation care. Am J of Infect
Control 2014; 42: 1152-1156.
12. Schön D A. The Reflective Practitioner: How Professionals Think in Action. Basic
Books: USA, 1983.
13. Ericsson K A, Simon H A. Protocol Analysis: Verbal Reports as Data (revised
edition). MIT Press: Cambridge, 1993.
14. Beam E, Gibbs S, Boulter K, Beckerdite M, & Smith PW. A method for evaluating
personal protective equipment technique by healthcare workers. Am J of Infect
Control 2011; 39: 415-420.
15. Smith SJ, Young V, Robertson C, & Dancer SJ. Where do hands go? An audit of
sequential hand-touch events on a hospital ward. J Hosp Infect 2012; 80:206211.
16. Moore G, Muzslay M, & Wilson APR. The type, level and distribution of
microorganisms within the ward environment: A zonal analysis of an intensive
care unit and a gastrointestinal surgical ward. Infect Control Hosp Epidemiol
2013; 34:500-506.
17. Centers for Disease Control and Prevention. Guideline for Isolation Precautions:
Preventing Transmission of Infectious Agents in Healthcare Settings 2007.
Available from http://www.cdc.gov/hicpac/2007ip/2007isolationprecautions.html.
Accessed May 17, 2014.

53
CHAPTER 6: MANUSCRIPT #3
Title: Clinical Challenges in Isolation Care: Safe Practices for Nurses at the Bedside
As revised for submission to AJN
The clinical care environment includes multiple safety threats for nurses.
Personal protective equipment (PPE) items include gloves, gowns, protective eyewear,
and respiratory protection. PPE are tools nurses use to protect themselves from threats
such as dangerous pathogens, drug resistant bacteria, and hazardous drugs (Centers
for Disease Control and Prevention [CDC], 2007; National Institute of Occupational
Safety and Health [NIOSH], 2004). The self-protection factors related to disease
transmission have been highlighted in recent disease outbreaks such as severe acute
respiratory syndrome (SARS) and the pandemic H1N1 influenza A of 2009. Following a
cluster of SARS cases among healthcare workers in Toronto, poor decisions about the
use of PPE during aerosol generating procedures, inconsistent use of PPE, fatigue, and
inadequate infection control training were associated with becoming ill (Ofner-Agostini,
et al., 2006). Alternatively, a cohort study of California healthcare workers after the
H1N1 pandemic in 2009 showed that use of respiratory protection mitigated
transmission of influenza (Jaeger, et al., 2011). Despite these findings, compliance with
even more basic infection control practices like hand hygiene and standard precautions
is often suboptimal in healthcare settings (Erasmus, et al., 2010; Gammon, MorganSamuel, & Gould, 2008). The recent Middle East respiratory syndrome coronavirus
(MERS CoV) infections among traveling healthcare workers in the United States have
demonstrated the continued need for preparedness in hospitals related to infection
control measures (Malani, 2014). The 2014 outbreak of Ebola virus in West Africa has
increased attention to proper infection control practices as well (Dixon & Schafer, 2014).
Media attention is now focused on healthcare worker transmission due to improper use
of doffing protocols.
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Table 1. Recommendations for donning and doffing sequence of Personal Protective
Equipment (PPE) by agency
Centers for Disease
Control (2007)

Public Health Agency
of Canada (2011)

World Health
Organization (2008)

Gown
Mask or Respirator

Hand Hygiene
Gown

Goggles or Face
Shield
Gloves
N/A

Mask/N95 Respirator

Gown
Face shield OR Mask
and Eye Protection
Gloves

Protective Eyewear
Gloves

N/A
N/A

Gloves
Gown

Gloves and Gown
Hand Hygiene

3.

Gloves
Goggles or Face
Shield
Gown

Hand Hygiene

4.
5.
6.

Mask or Respirator
Hand Hygiene
N/A

Eye Protection
Mask/ N95 Respirator
Hand Hygiene

Face shield OR Eye
Protection, then Mask
Hand Hygiene
N/A
N/A

Donning
1.
2.
3.
4.
5.
Doffing
1.
2.

The terms or labels used to describe the types of isolation have changed multiple
times in the last fifty years, but the isolation categories of standard, contact, airborne,
and droplet are widely recognized today (Landers, et al., 2010). Variability in
recommendations regarding the sequence of PPE removal was noted in many countries
impacted by SARS (Puro & Nicastri, 2004). The PPE doffing protocol developed by the
CDC (2007) was tested with a human challenge study where it was found to be
insufficient to protect the doffer from contamination (Casanova, Alfano-Sobsey, Rutala,
Weber, & Sobsey, 2008), but no amendments to the guideline were made based upon
the findings. Instructions for application and removal of PPE from the World Health
Organization (2008) and the Public Health Agency of Canada’s pandemic guideline
(2011) differ slightly from the CDC guidance (2007), but most components are consistent
among them (Table 1 above). Nurses continue to navigate the challenges of safely
using PPE despite the variation in recommendations on best practices and the clinical
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challenges of providing nursing care in PPE. After the H1N1 pandemic of 2009, there
was increased interest in infection control behaviors among healthcare workers.
Investigations included pediatric resuscitation simulations with a known influenza
diagnosis (Watson, et al., 2011) and observational studies of real clinical patients with
febrile respiratory illness (Mitchell, et al., 2013). Both studies noted a lack of selfprotective behaviors and poor adherence to isolation precautions. A retrospective cohort
study conducted following the SARS outbreak in Canada had similar findings regarding
self-protective knowledge (Shigayeva, et al., 2007). The purpose of this manuscript is to
further examine these variations in nursing practice with PPE and describe best
practices for infection control behaviors when providing clinical care to patients.
Investigation of isolation behaviors in nurses
A study was conducted at a Midwestern academic healthcare center evaluating
isolation behaviors as nurses provided care to a standardized patient in a simulated
patient care scenario (Beam, 2014). An overview of this study which explains the
research methodology has been published. An actual hospital room was used for the
study with High Definition (HD) cameras strategically placed to record the nurses. The
pain medication administration scenario, which had been previously tested in a pilot
study (Beam, et al., 2011), involved a live simulated patient requiring both contact and
airborne precautions. The isolation signage, carts, and equipment were identical to what
the nurses commonly used in clinical practice. The signage indicated what PPE to wear,
but no information on donning or doffing sequence was at the room door. A formal
debriefing was a part of the study which included reviewing the nurse’s video recorded
performance and asking the nurse to “think aloud” as they viewed the recording
(Ericsson & Simon, 1993). Critical issues emerged from the behavioral analysis of the
24 nurses which included deficiencies in the sequence and the quality of donning and
doffing PPE. The findings from our study for these common critical issues will be shared
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with an analysis of why the behaviors are a safety concern for the nurse and a potential
risk for disease transmission in the hospital or other clinical area.
Major findings
Donning and Doffing Sequence
Table 2. Donning sequence by study participants
Participant
Number
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

Donning Order, n = 24 nurses
HH, Gown, Gloves, N95
HH, Gown, N95 (Gloves applied from box inside room after entry).
HH, Gown, N95, Gloves
HH, Gown, N95, Gloves
HH, Gown, N95, Gloves
Gown, N95, eye protection, Gloves
HH, Gown, N95, Gloves placed on COW to enter room.
HH, Gown, Gloves, N95
HH, Gown, N95, Gloves
Gown, HH, Gloves, N95
HH, N95, Gown, Gloves
Gown, HH, N95, Gloves
HH, Gown, N95, Gloves
Gown, N95, Gloves
HH, Gown, N95, Gloves
N95, HH, Gown, Gloves, eye protection
Gown, HH, Gloves, N95
HH*, Gown, Mask, Gloves
HH, Gown, N95, Gloves
Gown, N95, Gloves
HH, N95, Gown, Gloves
HH, gloves, Gown, N95, eye protection on head.
HH, Gown, N95, Gloves
HH, Gown, N95, Gloves

*Special note: HH happened off camera.
HH = Hand Hygiene which may be hand washing or use of hand sanitizer.
N95 = N95 Particulate Respirator
The study found variability in the sequence for donning PPE (Table 2 above).
Fourteen of the 24 nurses (58%) performed hand hygiene followed by putting on the
gown as commonly recommended by the guidelines (CDC, 2007; World Health
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Organization, 2008; Public Health Agency of Canada, 2011). Another three (13%) put
on their gown and then did hand hygiene. Sixteen (67%) put on their gloves last as
recommended by the CDC and others. Four nurses (17%) applied their N95 respirator
after their gloves.
When evaluating this information related to order, it is important to consider the
reasons why items are applied or removed in a particular way. When donning PPE, two
major concerns arise. One concern is simply putting the PPE on in an order that does
not require adjustment of other PPE as you move through the process. These
adjustments may cause the second concern. Nurses may contaminate the external
surfaces of the PPE by touching personal areas such as the face, hair, or nose. This
contaminated PPE may ultimately touch the patient in isolation and possibly transmit
infection.
Doffing behaviors also varied in the order they were performed (Table 3). Fifteen
(63%) of the nurses removed their gloves first as recommended by the CDC. Another
six (25%) removed their gown first, and all but one of those six immediately removed
both gloves next. Sixteen of the nurses (67%) removed their N95 respirator last or just
before hand hygiene as recommended by the CDC. Nineteen of the 24 (79%)
completed their PPE removal process with hand hygiene.
Doffing the PPE becomes more challenging because now the equipment has
potentially dirty surfaces from contact with the isolated patient that pose a hazard to the
nurse. While most contamination will adhere to the PPE, fast and uncontrolled
movements can create aerosols or drag potentially dirty PPE surfaces across otherwise
clean areas of the nurse’s body, potentially leading to contamination outside of the
isolation room. Contamination may potentially lead to an occupational illness in the
nurse or a hospital-acquired illness in patients or other people in the hospital.
Unexpected touching of a contaminated area is an error that can generally be corrected
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with good decontamination or washing practices, but inhaled aerosols are more difficult
to remedy. Most recommendations (CDC, 2007; World Health Organization, 2008;
Public Health Agency of Canada, 2011) focus on removing gloves and gowns first, and
then they suggest removing facial PPE once the aerosolizing risk is low. Hand hygiene
is always the final step, and sometimes it is included throughout the process.
Table 3. Doffing sequence by study participants
Participant
Number
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

Doffing Order, n = 24 nurses
Gown, Gloves, N95 in room, HH
Unties bottom tie of gown, Gloves, Gown, N95 out of room, HH
Gloves, HH, Gown, N95 in room
Gown and one glove removed together, N95 in room with
ungloved hand, Second glove, HH
Gloves, Gown, HH, N95 out of room, HH
Gloves, Eye protection, N95 in room, Gown, HH
Gloves, HH, Gown, HH, N95 out of room
Gloves, Gown, HH, N95 out of room, HH
Gloves, HH, Gown, N95 out of room, New gloves from isolation
cart to clean equipment, Gloves, HH
Gloves, Gown, New gloves applied in room to clean equipment,
Gloves, N95 out of room, HH
Gown, Gloves, N95 out of room, HH
Gloves, Gown, HH, N95 out of room
Gloves, Gown, N95 out of room, New gloves from isolation cart
applied to clean equipment, gloves, HH
Gloves, Gown, New gloves applied in room to clean equipment,
N95 in open doorway, Gloves, HH
Gloves, Gown, N95 in room, HH
Gown, Gloves, N95 and protective eyewear in open doorway, HH
N95 in room, Gown, Gloves, New gloves from isolation cart to
clean equipment, Gloves
Gown, Gloves, N95 out of room, New gloves from isolation cart to
clean equipment, HH
Gloves, Gown, HH, New gloves applied in room to clean
equipment, Gloves, N95 out of room, HH
N95 in room, Gown, Gloves, HH
Gloves, Gown, N95 in room, HH
Gloves, HH, Gown, HH, protective eyewear, N95 out of room
Gloves, Gown, N95 in open doorway, HH
Gown, Gloves, N95 in open doorway, HH

HH = Hand Hygiene which may be hand washing or use of hand sanitizer.
N95 = N95 Particulate Respirator
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Quality of donning and doffing PPE behaviors
Beyond the order of donning and doffing, there are specific behaviors related to
the different kinds of PPE that also warrant further discussion. All 24 nurses in the study
demonstrated variation in a number of isolation behaviors for both donning and doffing
(Beam, 2014). Each of these variations in the practice of donning and doffing PPE has
the potential to cause contamination in the patient room. Each element of the PPE must
be clearly understood in its role as safety gear for the healthcare worker.
Gowns and gloves.
In our study (Beam, 2014), washable gowns created some common nursing
challenges. Washable gowns should not be worn inside out. The gowns commonly
have finishes or coatings to prevent the absorption of fluids (Rutala & Weber, 2001).
Gowns from the isolation cart were often knotted at the neck ties. The practice of tying
the gown before placing it over the head or simply throwing the knotted gown over the
head was seen often. The gowns were commonly only tied at the neck which leaves the
lower part of the gown to drape open when the nurse bends over or walks past the bed
or other room equipment. While technically the nurse is wearing the gown, it has
become a hazard in the sense that it is more likely to drag along contaminated surfaces.
Additionally, a gown open in the back may become a trip or fall hazard for some nurses.
Upon removal of the gown, nurses who simply lift the gown over their head instead of
untying it run the risk of bringing soiled gown material into close contact with their face
and hair.
While this study evaluated a combination of contact and airborne precautions,
contact precautions are frequently implemented in the hospital using gowns and gloves
for resistant pathogens like methicillin-resistant Staphylococcus aureus. Quality
improvement projects have been shown in the literature to improve the implementation
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of contact precautions (Cromer, et al., 2004; Mawdsley, Garcia-Houchins, & Weber,
2010), but there is notable controversy among infection control professionals about the
clinical practice (Zastrow, 2011). Both disposable and washable gowns have been
evaluated in the literature, and individual healthcare facility decisions about what type of
gown to use should be based upon cost, availability, and desired characteristics (Rutala
& Weber, 2001).
Some safe gowning processes are common to both disposable and washable
gowns. For example, slow and intentional movement when removing the gown is a
critical step in the doffing process to reduce the creation of aerosols or release of
droplets from gross contamination. After removing gloves slowly using glove-in-glove
technique, gowns should be untied and rolled gently with the external surfaces to the
inside and then placed completely in the hamper or waste container. Contamination of
the hands as the gown brushes over them during removal can be reduced by pulling the
sleeves, which should be clean, over the hands and fingers before starting the gown
removal process. The gown cuffs are clean because the glove cuff was carefully placed
over the gown cuff during donning of the PPE, ensuring that no gap forms in patient
care. The slow movements are especially important when contact precautions are used
alone because there is no respiratory protection.
Single-use gowns do not completely remove the risks noted regarding washable
gowns, as tearing gowns for removal is common in clinical practice. The action of
jerking a gown from the front to remove it by tearing the gown at the back can also
generate aerosol particles. The best practice for all types of gowns is to untie them once
gloves have been removed. If gowns must be torn, use of a gentle motion pulling apart
at the shoulders reduces aerosolization near the nurse’s airway. Additionally, any
practice that punctures a hole in the fabric when donning a gown could potentially
jeopardize the durability and protective features of the gown material.
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N95 respirator or surgical mask.
All of the nurses in this study correctly selected the N95 respirator for airborne
precautions per the hospital’s isolation care policy (Beam, 2014). Eight of the nurses
(33%) removed the N95 respirator in the patient room, four nurses (17%) removed the
N95 respirator in the open doorway as they left the room, and another 12 nurses (50%)
took off the N95 respirator once they had left the room and closed the door as per the
CDC guideline (CDC, 2007).
There are many components to wearing an N95 respirator properly. The process
of formal fit testing to assure that a respirator seals tightly to the face is inconsistently
implemented in most respiratory protection programs (Lee, Takaya, Long, & Joffe,
2008), but the testing is commonly suggested every two years or if there are changes in
facial contour such as weight change or pregnancy. Molding the N95 respirator to the
face followed by seal-checking the respirator should be done before entering the patient
room to assure that there is no leaking air during use. Seal-checking is done by
covering the front of the respirator with both hands being careful not to disturb the
respirator and feeling for air leaks with inhalation and exhalation (Coia, et al., 2013).
Strap placement is an important part of getting a good seal on the mask. The straps
should be located at the crown of the head and the base of the neck. Crossing the
straps can cause the mask to shift during speaking or patient care. Shifts ultimately
break the seal of the mask and likely result in self-contamination in the isolation room as
the nurse readjusts the respirator. When removing a mask, the straps should be gently
brought forward one at a time and the mask stabilized on the face with as little hand
contact as possible, since the front of the mask is considered contaminated (CDC,
2007). The CDC recommends that respirators be removed after leaving the patient
room and closing the door (2007).
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There has been significant controversy over the appropriate masks to wear for
novel viral outbreaks since the emergence of pandemic H1N1 influenza (Radonovich,
Perl, Davey, & Cohen, 2009). In a randomized trial, N95 respirators and surgical masks
were found to deliver similar protection levels in a study of 446 nurses in eight Ontario
hospitals (Loeb, et al., 2009). While N95 respirators are meant to filter out very fine
particles, surgical masks are only required to be fluid repellent (Coia, et al., 2013).
Surgical masks were primarily designed to protect the patient from the nurse’s
respiratory secretions, but healthcare workers do wear them for protection as well
(Radonovich, et al., 2009). While surgical masks do not need to seal, the mask should
still be form fitted to the nose and pulled down below the chin to cover the nose and
mouth. Surgical masks should suffice for droplet isolation, the most common respiratory
pathogen isolation in the hospital.
Protective eyewear.
Three nurses (13%) in this study used eye protection in the room (Beam, 2014).
Two wore the eye protection, while a third placed it on their head like a headband for
adjustment over the eyes later in the room.
Eye protection is often forgotten as a barrier to droplets and splashes in the
healthcare setting any time there is a risk of splashing (Coia, et al., 2013). In a review of
the evidence for standard or universal infection control precautions, studies reported an
average compliance rate with eye protection of 38% (Gammon, Morgan-Samuel, &
Gould, 2007). In a three month observational study of 11 hospitals in Canada, only 37%
of healthcare workers wore eye protection when caring for patients with febrile
respiratory illness (Mitchell, et al., 2013). In a study evaluating clinical behaviors during
pediatric resuscitation simulations with a diagnosis of influenza, only 61% of the
healthcare workers used eye shields (Watson, et al., 2011). Although protective
eyewear is not commonly worn by nurses in practice, there are numerous common
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splash risks in a hospital room or patient care area. Glasses worn to improve visual
acuity do not provide adequate protection against splash risks. Single use eye
protection should be used only one time and then discarded. Reusable eyewear is
appropriate in the clinical setting, but it should be cleaned after each use. Some
eyewear may have coatings which can be damaged by antimicrobial or bleach wipes so
it is important to review the manufacturer’s directions for use. Soap and water can be
used to safely remove most contamination from glasses followed by an eyeglass cleaner
as needed for clarity.
Implications for practice
Nursing education needs to focus more on the challenges of self-protection as
they relate to PPE use. Step-by-step instructions from guidelines are helpful in learning
infection control skills as a nurse, but when the skills are integrated into a care scenario,
clinical decision making may warrant slight variations in practice to maintain safety.
Utilizing concepts of reflective practice for complicated care situations may be useful in
helping nurses make sound decisions in the isolation care environment. Video recording
simulation performances may be one way to improve care at the bedside by allowing
nurses to review and evaluate their clinical practice. The nurse needs to pay attention to
the key principles for each specific type of PPE so that regardless of the type of isolation
a patient requires, they are performing the skills correctly.
While our study investigated infection control behaviors in a single patient care
experience, future studies should test interventions that might improve infection control
behavior over time in nurses at the bedside. These intervention studies might best be
conducted as components of larger educational offerings on infection control which
include repeated evaluation of simulation experiences. Interventions might include
standard lectures, videos, or interactive learning modules. Further quality improvement
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processes should also investigate clinical outcomes in specific nursing units where a
particular educational intervention is used.
There will always be an element of human nature in the decisions regarding how
nurses don and doff their PPE and keep themselves safe. Different strategies for
monitoring isolation practices will always be necessary in hospital infection control
programs. How can we convince nurses at the bedside to wear their PPE safely? When
teaching fails to result in desirable practice outcomes, sometimes we must rely on our
actions to make the peer pressure that creates change. This is an area where bedside
nurses can be the leaders in clinical practice on their individual units and in their
institutions.
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CHAPTER 7: DISCUSSION
Summary
The complexity of care processes in the hospital can make adherence to
isolation behaviors challenging for nurses and other healthcare providers. A variety of
studies continue to demonstrate poor compliance with infection control practices (Valim,
Marziale, Richart-Martínez, Sanjuan-Quiles, 2013). Even behavior change in relatively
simple actions like hand hygiene continues to be a problem in healthcare despite the
variety of intervention studies applied to the problem (Larson, 2013). The overwhelming
numbers and costs attributed to healthcare-associated infections have focused attention
recently on the potential transmission routes of these pathogens and the contamination
of surfaces that may occur during patient care (Donskey, 2013).
The improper use of PPE can contribute to contamination in a hospital room.
The process and sequence of donning PPE for patient isolation is complicated and
differs based upon the type of isolation care being provided. There is also variability in
the recommendations from experts in this area (CDC, 2007; World Health Organization,
2008; Public Health Agency of Canada, 2011) further testing the critical thinking skills of
the healthcare worker when engaged in practice. Respiratory infections such as Severe
Acute Respiratory Syndrom (SARS) and Middle Eastern Respiratory Syndrome (MERS)
continue to emerge in global healthcare settings with primarily supportive care as a
therapy (Chen, et al., 2004; Puro & Nicastri, 2004; Malani, 2014) making this behavior
change area ripe for further research. With infectious diseases like Ebola now emerging
as public health threats, healthcare providers worldwide need to focus on the matter
because infection control measures can control outbreaks (Dixon & Schafer, 2014).
The epidemiological triangle represents the components necessary for disease
transmission (Gordis, 2009). It includes a dynamic relationship between agent, host,
and environment. Agents, which are the pathogens in our environment, continue to
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become more and more therapy resistant and the market has not fully embraced the
development of new antibiotics to battle these smarter microbes. The environmental
challenges in hospitals are being shown to contribute to illness (Otter, Yezli, Salkeld, &
French, 2013). Patients, or the host in the epidemiological triangle, will pay the greatest
price for these challenges through the development of illness. The literature recognizes
the role that healthcare providers are playing as vectors for disease transmission
through poor execution of basic hygiene and infection control practices (Gammon,
Morgan-Samuel, & Gould, 2007; Erasmus, et al., 2010; Valim, Marziale, RichartMartínez, & Sanjuan-Quiles, 2013). The PPE tools available to healthcare workers in
hospitals are effective to reduce disease transmission only if they are used and used
correctly.
The purpose of this dissertation study is to examine infection control behaviors in
nurses in a cost-effective, high fidelity simulated care environment. This work expands
on our previous pilot work (Beam, et al., 2011) by recruiting a larger sample of a single
healthcare profession and moving from an expensive simulation laboratory setting on an
academic healthcare center campus to a standard hospital room with small, discretely
mounted High Definition cameras for a more affordable and approachable concept. The
broader study design also included a qualitative component to begin investigating
intention and rationales for identified behaviors.
Discussion
The chapters of this dissertation outline the overall study that was conducted and
begin the dissemination of our findings. Chapters 1, 2, and 3 introduce the problem,
evaluate the literature, and describe the study methods respectively. The next three
chapters are manuscripts which disseminate the findings of this dissertation study.
Chapter 4 is a detailed description of the novel methods used in this study to evaluate
healthcare behaviors. Chapter 5 looks more deeply at the issues raised in this study
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with the utilization of computer workstations by nurses in isolation settings. Chapter 6 is
a clinical application paper discussing the challenges of the different types of PPE and
isolation with staff nurses as the intended audience. The discussion for this dissertation
will flow from the specific aims.
S. A. #1: Identify infection control behaviors by nurses which may or may
not adhere to clinical standards for isolation practice while performing clinical
skills in a simulated patient care environment.
The video scoring data is outlined in detail in the discussion section of Chapter 4
including a comparison of our findings to similar studies. When developing our research
protocol, we based our scoring form on the CDC guideline for donning and doffing PPE
(2007) particularly with regard to the sequence of operations. Future adaption of our
current scoring forms may be warranted based upon additional guidelines uncovered
during the development of Chapter 6. The Canadian and World Health Organization
guidelines (World Health Organization, 2008; Public Health Agency of Canada, 2011)
both suggest a doffing process where the gloves and gown are removed before the
facial personal protective equipment is manipulated. This sequence makes sense in that
it minimizes aerosolizing behaviors when facial protection is missing. The CDC may
justify their process by assuming the healthcare worker could close their eyes during the
gown removal, but this is not stated in the guideline and seems like a dangerous
suggestion for slow controlled gown removal. Eye protection should remain in place
while aerosols may be present during the gown removal process.
The hypotheses for this research study were outlined in the last paragraph of
Chapter 1. The expected quantitative findings were: poor fit-check of the N95 in
donning, not securing the gown at both the neck and waist, removing contaminated
items from the room, doffing items out of order, and poor hand hygiene compliance. The
video scoring tables can be found in Chapter 4 for comparison. None of the nurses

72
participating in the study performed a formal fit-check of the N95 respirator. Only six
nurses correctly tied the gown at both the neck and the waist. In ten doffing simulation
performances the nurses removed contaminated items from the hospital room. Five of
the twenty-four nurses in the study conducted doffing in the right order, but none of
those nurses included protective eyewear in the PPE used. These findings were similar
to our expectations, while one was better than expected. In a systematic review of 96
studies on compliance with hand hygiene by Erasmus, et al., the median compliance
rate was 40% (2010). Hand hygiene behavior in this study prior to donning was identified
in twenty-one of the twenty-four nurses. Twenty-three nurses performed hand hygiene in
the study while doffing, but only nineteen were done as the last step in the doffing
process. Sometimes the quality of friction applied when using hand sanitizer was
inadequate to meet the criteria for the video scoring tally. The hand hygiene behaviors
were perhaps better than expected due to the lack of multitasking required to care for a
single patient. The awareness of being video recording may have also played a role, but
there were certainly still areas for improvement in some situations. For example, during
the process of exiting the room and cleaning the COW, four nurses pulled new gloves
from the clean isolation cart. All four of those nurses had potentially contaminated
hands. It was also not uncommon to see nurses reach into clean supply containers for
an alcohol wipe with contaminated hands inside the patient room.
The performance of these infection control behaviors in a simulation certainly
explains the controversy regarding the use of contact precautions (Zastrow, 2011) and
the reason for spirited debate on best respiratory protection practices in healthcare
(Radonovich, Perl, Davey, & Cohen, 2009), particularly in a situation where the nurses
know they are being video recorded in a scenario without unusual emergent clinical care
distractors. The use of eye protection was unexpectedly low amongst our study
participants, particularly in light of the fact that they were all shown the equipment in the
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isolation cart before the simulation began. From the clinical scenario they knew the
expectation was a simple intravenous push medication and patient assessment which
may have impacted their decision making. Additionally, the hospital signage at the
patient room door for contact and airborne precautions does not include an image of
protective eyewear. Visual cues are powerful reminders in the clinical setting. Adding a
pair of safety glasses to the poster with an asterisk that states “when splash risk is
present” may be a good reminder for nursing personnel. Cleaning of the protective
eyewear is also a clinical challenge if the protective eyewear is considered an essential
tool like a stethoscope or a glucometer for patient care. With the quality improvement
project at The Nebraska Medical Center conducted in 2013, the guidance on
decontaminating protective eyewear when soiled encouraged the use of soap and water
for cleaning with gloved hands because the tools were easily accessible and using a
pillow case for drying the eyewear once washed. Pillow cases were suggested for
drying because they are commonly available, relatively small, and lint-free. One factor
considered by the leadership team was that a complicated process might hinder the
frequency of protective eyewear cleaning when it was needed.
Beyond simple accounting for whether a behavior was correctly performed, this
data set can also be mined for pilot data related to the impact certain donning processes
have on behaviors seen in the patient room which might result in self-contamination.
One example might be determining the frequency of mask readjustment in the patient
room when the straps of the mask are crossed or placed in an odd configuration
because of hairstyle which was observed in this study. Another example might be
counting the number of times that gowns drag on high touch or likely patient
contaminated surfaces in the patient room when they are poorly secured at the waist.
This pilot information may justify larger simulation studies with test-retest designs in the
context of infection control training. Perhaps designing video recorded simulation
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training scenarios for nurses in which PPE are intentionally applied in error and then
showing nurses the consequences of mask adjustment, facial touching, and gown
dragging from the errors. This may provide solid evidence for improved performance by
the nurses in clinical practice.
S. A. #2: Describe participant rationales for the various infection control
behaviors which deviate from standards followed by individual reflections on
performance in comparison to the CDC guidelines for isolation care.
After evaluating the video recordings of PPE behaviors in healthcare workers in
our first study (Beam, et al., 2011), the research team felt that many behaviors were
noted without an understanding of the participant’s intention. For example, a nurse
would bring a dirty item out of the room such as eye protection, but the nurse’s rationale
was unknown. Did the nurse intend to bring the dirty item out of the room? Did the
nurse always use eye protection or was it just this time because of the video recording?
All of the video scoring data without context left many questions unanswered. For this
study, it was important to include a qualitative element in the design. Multiple qualitative
approaches were evaluated, including narrative research, phenomenology, grounded
theory, ethnography, and case studies (Creswell, 2013), but ultimately using a process
of qualitative description as described by Margarete Sandelowski (2000, 2010) was
selected. A simple qualitative description approach was used because of our chosen
study design. Each participant was asked to “think aloud” providing retrospective verbal
reports while viewing their own clinical simulation performance (Ericcson, 1993).
Sample size was determined by continuously evaluating the data collected and
monitoring for saturation. Consultation with an experienced qualitative researcher in
nursing was also sought for sample size evaluation.
The qualitative description process required transcribing all recordings of the
debriefing sessions by each individual participant. The verbal reports were coded into
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three main categories for easy comparison to the video scoring: donning issues, in room
issues, and doffing issues. The participant descriptions were quite detailed because they
were commenting directly as they viewed their performance of particular clinical skills.
The codes within each category flowed directly from the transcriptions. In this
discussion, findings are described for the codes with more than 10 comments in each of
the three main categories.
Donning issues. The qualitative findings related to the donning process
focused on recognizing the need for N95 fit, hand hygiene, and donning order.
Comments on N95 fit were both positive and negative. Five nurses recognized the
importance of mask fit, commenting on things like pinching the mask at the nose and
ensuring a seal. On the other hand, four nurses stated that they were unsure of the size
of N95 mask that sealed on their face. Most of the comments on hand hygiene were
matter of fact statements about the performance of the task on the video recording, but a
few comments were notable. One nurse noted not trusting the alcohol in hand sanitizer
to kill all of the bugs. Another nurse talked about the periodic need to do hand washing
because of the build up from frequent use of hand sanitizer. Donning order was
discussed by many of the nurses due to the debriefing questions and comparison to the
CDC guidelines (2007). One nurse did question their performance of the donning
behaviors and stated that perhaps nerves caused the order confusion. Another nurse
stated that they did not feel that order mattered as much in donning as it did in doffing.
Notably, our findings on N95 respirator use pair well with the literature because
they show that nurses have some level of uncertainty in the process. This is also
reflected in the complete lack of fit checking in any nurse who participated in the study.
The battle over the most appropriate respiratory protection equipment raged heavily with
the pandemic influenza outbreak of 2009 (Radonovich, Perl, Davey, & Cohen, 2009),
and the controversy over even higher levels of PPE use will likely continue with
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discussions on the best decisions for providing care while ruling out dangerous diseases
like Ebola in United States hospitals even though it is not transmitted by the respiratory
route (Klompas, Diekema, Fishman, & Yokoe, 2014). A randomized trial comparing
surgical masks and N95 respirators done in 2008 with healthcare workers showed a
similar incidence of influenza between the two types of respiratory protection in general
healthcare settings (Loeb, et al., 2009). N95 respirators continue to be recommended
for aerosolizing procedures like intubation or bronchoscopy in current guidelines (CDC,
2007; WHO, 2008).
The comments by the nurses on hand hygiene did expand on findings from the
more standard compliance work that has been done (Erasmus, et al. 2010; Larson,
2013). The lack of trust in hand sanitizer was an interesting comment. Studies
comparing the efficiency of hand washing with hand sanitizer have been done. Paulson,
Fendler, Dolan, & Williams (1999) compared five different hand hygiene regimens and
found that hand sanitizer was the most effective single product for reducing
microorganisms. A study by senior dental hygiene students (Lee, Long, & Phillips, 2004)
also showed alcohol-based gel to be more effective than antimicrobial soap and water
with bacterial contamination. More recently, in the context of H1N1 a study was
conducted comparing a number of alcohol-based hand sanitizer delivery systems
(Larson, Cohen, & Baxter, 2012). Foam, gel, and wipes were compared in the study. All
were found to be acceptable means to reduced viral counts on hands in the healthcare
environment. These studies are not new, but the information may not be getting from
infection control preventionists to clinical nurses at the bedside. These findings
demonstrate that more needs to be done to bring the knowledge about these evidence
based practices to clinical care.
The comment about the importance of donning order does bring up some
important concepts. While it is true that all PPE involved in the donning process is clean
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or uncontaminated by the patient, there is a risk for self-contamination of the protective
gear that needs to be considered. The primary concern would be applying gloves before
finishing the facial protective equipment of the protective eyewear or mask. In our study
this donning order issue was identified six different times. In four cases the N95
respirator was donned after the gloves. In one case, the protective eyewear was applied
after the gloves. In another case, gloves were applied after hand hygiene, and then all
other equipment was applied including the gown, the N95 respirator, and the eye
protection. If donning order is conducted in this fashion, the nurse’s gloves which likely
come in contact with the patient are potentially contaminated by the nurse’s own
personal touching. Consequences of this pattern of behavior could result in nurse-topatient transmission, or throughout a busy shift where the facial area was contaminated
in an isolation room it could even result in patient-to-patient transmission.
In room issues. For in room isolation behaviors, the nurses spoke about COW
use in isolation, replacing gloves in the patient room because they are dirty, eye
protection, and disinfection of the stethoscope. The interviewer cued the nurses on
COW use in isolation, so there were many comments about the process. Five nurses
specifically stated that there are computers in the patient rooms on their units, and that
COWs are rarely used in the rooms. One nurse specifically stated that most nurses
leave COWs in an isolation room, and another nurse said some nurses may leave a
COW in a room, but often there are only enough COWs for the nurses providing care on
each shift. Moving a COW from room to room during the process of patient care without
stringent cleaning guidelines is concerning because the COW likely becomes
contaminated and increases the risk of transmitting infectious particles from one room to
another, particularly with pathogens where contact transmission is common. There was
no comment about a specific policy or the ability to order a COW specifically for an
isolation room.
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Seven nurses commented about changing gloves in an isolation room. One of
those nurses specifically talked about a fear of using gloves that have been in a room
with pathogens hanging in the air, while the others considered it a common practice to
change gloves in the patient room. As noted earlier, eye protection was rarely worn in
the study. Comments by the nurses generally recognized the lack of eyewear and at
least considered the need for eye protection when giving intravenous medication. One
nurse specifically stated that wearing eyewear for giving medication was “not going to
happen.” Stethoscope cleaning came up frequently. Two nurses stated that they would
use their own stethoscope on their units. Three nurses talked about cleaning the
stethoscope, but focused their comments on cleaning the earpieces and the bell. Four
nurses discussed regret for not cleaning the stethoscope during their simulation
performance.
COW use was discussed at length in Chapter 5, but this more detailed look at in
room issues does bring up questions related to the clinical need to remove contaminated
items from the patient room. Beyond the COW, using a personal stethoscope would
require a diligent equipment cleaning process between patients, particularly in the
context of a nurse caring for multiple patients in multiple rooms. Environmental surface
disinfectants are required to meet governmental standards, but the testing often does
not include practical testing in the field (Sattar & Maillard, 2013). This leaves nurses and
hospital cleaning staff to perform cleaning tasks with little clinical data on effectiveness.
With the uncertainty in the effectiveness of cleaning with a disinfectant wipe coupled with
the normal clinical challenges of everyday patient care, the cleaning process will likely
suffer which puts patients at risk for hospital-acquired infection.
Eye protection may need to be a standard clinical tool like the stethoscope to get
nurses to engage in promoting their own personal safety while giving clinical care for all
types of patients. If wearing protective eyewear for high splash risk activities in the
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healthcare setting becomes the clinical standard, a safe and practical method for
cleaning and disinfecting the eyewear for reuse must be available to nurses at the
bedside as well. Eyewear needs to be easily cleaned when it becomes soiled so that
the nurse can keep the PPE available in the multiple high splash risk activities of patient
care. The cleaning process noted earlier attempts to meet that need.
While changing gloves in a standard hospital room makes a good deal of sense
when moving from dirty procedures to cleaner ones, misunderstanding did arise in the
airborne isolation setting. Unlike a contact or droplet room where most likely
contaminated particles should remain within a small distance of the patient, in an
airborne isolation room an N95 respirator is worn due to the risk of fine particles that can
travel throughout the patient room. Theoretically, it seems possible that PPE stored in a
patient room with a patient in airborne precautions could become contaminated. The
reality is that Mycobacterium tuberculosis is only transmissible when the fine particles
are inhaled. A nurse in this study misunderstood the risk for surface contamination.
These kinds of misconceptions and fears may be detrimental to the quality of care given
to patients.
Doffing Issues. Four issues related to the doffing process that were described
frequently by the nurses included doffing order, cleaning the COW after use, gown
challenges, and when to remove the N95 mask. Regarding doffing order, most of the
nurses focused on the sequence. One nurse commented on the questionable quality of
their gown rolling. Another noted a lack of clarity about steps for coming out of an
isolation room with additional equipment and expectations to perform the cleaning
process. Some confusion on the COW cleaning process was described by 13 of the
nurses. Only one nurse stated that there was annual training on cleaning the COWs,
while another nurse talked about the lack of clarity on whether the COWs should be
cleaned by nursing or environmental services. Two nurses talked about leaving the
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gown untied intentionally at the waist, while another five nurses expressed guilt or made
excuses for their lack of tying the lower strings. Four nurses acknowledged putting the
knotted gown ties at the neck over their head. Two nurses talked about getting help to
secure the gown in the back, and one nurse complained of poor fit due to long arms. Of
the comments on removing the N95 mask, eight nurses commented with certainty about
taking the respirator off outside the patient room while another four nurses were unclear
about the best place to remove the N95. These four areas of concern highlight the
clinical challenges that nurses face, even in relatively controlled clinical situations like
our simulated patient care scenario, related to leaving an isolation room safely.
Gowns were discussed frequently as a challenge. Gowns were intentionally left
unsecured at the waist which leaves the gown to dangle on the bed picking up
contamination or simply not covering important areas of the nurse which may later track
infectious particles to a patient room that is not in isolation. The fit of the gown was also
a common problem for the nurses. Use of a “one size fits all” gown in clinical care
leaves some nurses vulnerable to exposure. A poorly worn gown may become a hazard
and actually increase the risk for exposure or the spreading of infectious particles.
Nurses need to be empowered to ask for accommodations when gowns fit poorly, and
hospitals need to identify alternatives for these nurses so that they can perform their
clinical duties and not risk harm to their patients or to themselves.
The CDC guideline (2007) states that respirators should be removed after
leaving the patient room and closing the door. Although this is logical given the
transmission of most diseases where airborne isolation is used, taking a contaminated
item outside of the room still presents a challenge for the nurse. A proper waste
receptacle must be found, the respirator must be safely removed, and then hand
hygiene must immediately follow. Waste cans are not always available immediately
outside of a patient room. In this study, safe and mindful removal of the N95 respirator
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only happened a few times and hand hygiene was not the final step in the doffing
process on six occasions. A waste receptacle and hand hygiene area was available
within 10 feet of the patient room door in the study simulation, but that is not the case in
all clinical areas. These challenges need to be mitigated for nurses, especially in a
hospital’s negative pressure rooms.
Qualitative studies are fairly uncommon in the infection control literature, but
there are study designs that allow for some comparison. The hypotheses for the
qualitative data collection component of this study were: nurses would recognize the
need for self-protection, nurses would copy behaviors of their peers and superiors,
compliance would be prioritized over safety, and nurses would feel that strict infection
control behaviors were unnecessary because they were already colonized.
The expectations regarding self-protective behaviors and copying the behavior of
others were rooted in qualitative research literature regarding hand hygiene which
included 9 focus groups and 7 individual interviews at 5 Dutch hospitals of varying size
(Erasmus, et al., 2009). The study described used interview questions about attitudes,
subjective norms, and perceived behavioral control in hand hygiene compliance. The
main reason indicated in the study for performing hand hygiene was self-protection.
Poor role modeling by senior physicians was noted to hinder compliance in the study. In
a pediatric resuscitation simulation study that looked at PPE adherence (Watson, DuvalArnould, McCrory, Froz, Connors, Perl, & Hunt, 2011), a post-simulation anonymous
survey also pointed out gaps in the understanding and use of self-protective behaviors.
While these studies are not a direct comparison to our work, the findings are worth
noting.
In our study, the coding process of the debriefing sessions brought forth a
number of concepts in self-protection for the nurses. Examples of self-protection
included recognizing the need for N95 fit, hand sanitizing during doffing, and managing
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the contaminated gown. Comments also indicated a behavior was acceptable when
nobody does it. The comments that most reflected peer pressure guiding behavior were
related to securing the gown at the waist. While gaps in the understanding of the proper
use of PPE were found, we also identified nurses who felt they simply did not have the
time or desire to prioritize these infection control behaviors for the safety of their patients
and the hospital environment. Perhaps our individualized debriefing process allowed for
more honest accounts from some of the nurses on the challenges they face.
Compliance with the rules was noted at times in the debriefings instead of a
focus on the rationale for a particular behavior. One nurse’s comment focused on PPE
pictured on a sign instead of understanding the role of a particular piece of equipment.
Securing the gown at the waist is a low priority rule in the comments by nurses, but they
do apply the gowns anyway. Two nurses applied the respirator secured with a single
strap. Both nurses expressed regret when reviewing their performance. One nurse said
that use of a respirator on their unit is uncommon and use of special equipment is
generally reviewed just in time. Two nurses commented on a misunderstanding of the
rules about the glove cuff belonging over the gown sleeve. Education on the rules of
PPE use should emphasize the qualities of each type of protective gear and rationales
for the process of safe use.
One of our initial hypotheses did not hold true for the qualitative data. No nurses
indicated that they felt they were already exposed or colonized so that use of PPE in the
scenario was unimportant. This may have been more likely in a drug-resistant bacteria
scenario with contact precautions alone. These comments are common with nurses in
social settings, but perhaps in the formal setting of a behavioral debriefing the nurses felt
pressure to keep their comments more concise regarding the individual tasks. Also, it
may be that our participants felt less likely to be exposed to an airborne infectious agent
like Mycobacterium tuberculosis.
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S. A. #3: Explore the timing of changes in clinical infection control
behaviors after simulation participation over an extended period of time.
A detailed description of the findings from the post 1 month questionnaire can be
found just before the discussion section in Chapter 4. Having over fifty percent of the
participants so willingly engage in sharing their feelings after the experience indicates
their interest in journaling about the topic. While admittedly this method of evaluation at
one month was very open and simple, it gave the research team a preliminary look at
issues to investigate and potential research designs for the future. Some interesting
research topics may include nursing culture, examining workflow components, and
evaluating cleaning quality. The nurses indicated increased awareness about their use
of PPE after participation in the study and all indicated an immediate change in their
behaviors after the experience. This information supports the use of a rapid test-retest
design to look for behavior change in future intervention studies.
Additional notable study findings.
There were components of the study which were not detailed in the specific aims
with some interesting findings. One of these areas was examining physical limitations of
the nurses. Physical limitations were noted in the study participants by video recording
their ability to perform some basic range of motion activities after the simulation
experience and debriefing. All of the nurses performed the range of motion actions
without difficulty with the exception of one. That particular nurse managed the physical
limitations by asking for help with challenging actions. In future studies, adding a test of
visual acuity may also be warranted. Vision limitations such as being nearsighted or
difficulty with reading may impact nursing behaviors with the protective eyewear or facial
area touching. Another area investigated was fatigue. The nurses were asked to rate
their personal fatigue level on the day of the simulation on a scale of zero to 10. Most of
the nurses gave a low rating, but a few did give a more moderate rating. One nurse in
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particular was coming off a night shift and gave the highest rating of our sample. Future
study designs may cohort different fatigue or impairment levels to compare skill
performance of clinical tasks.
Limitations
This study was a rigorous look at the nursing behaviors related to PPE use, but it
was not without limitations. Human subject research is notorious for challenges with
recruitment, and this study was no exception. We were asking for an hour of a nurse’s
time, and felt it was important to compensate them beyond the learning experience. We
used a meal ticket from the hospital cafeteria in a dollar amount approved by our
Institutional Review Board. Initial emails to managers did bring in a handful of
participants, but eventually recruitment slowed. The next strategy applied was a flyer
which was hung throughout the hospital to engage nursing staff on their floors and build
awareness. This also triggered some additional recruits, but eventually leveraging some
relationships and connections in the hospital helped to recruit the most nurses to the
study. One consideration for future studies might be to consider a multi-hospital
recruitment plan through nursing leadership at the different facilities. Interest in the
educational experience might bring out a competitive nature regarding participation
amongst the different organizations. Another consideration for future work might be to
include multiple disciplines. Again, a lively recruitment competition might be created if
appropriate clinical leaders were engaged in the planning. Despite the fact that our
research study only included one hospital and one type of provider, we did not control for
where the nurses were educated, their age, or their clinical area. This resulted in a
relatively varied sample of nurses. The most reliable recruitment strategy looking
forward seems to be integrating a research study into the educational design of a
learning program. The subjects would be given the opportunity to decline research
participation without penalty and still be able to engage in the learning activity if they
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desired to do so. This type of research would meet the criteria for exempt from full
board review by the Institutional Review Board.
The goal of this study was to establish a baseline for nursing infection control
behaviors. Due to this, the complexity of the care scenario was kept very simple. In
future research, a number of injects could be added. A simulation might include a
complicated procedure or more than one patient with demands. The clinical challenges
could range from the simple task of giving an oral medication to the complicated
teamwork required for cardiopulmonary resuscitation. One notable limitation in our study
was the lack of an interactive electronic medical record. While going through the
motions of medication administration was acceptable for the level of behavioral
evaluation in this study, a more exact process might point out moments of error more
typically seen in actual practice. Ultimately better workflows in the electronic medical
records themselves may be identified to reduce manipulation of the computer
workstation at the point of care in isolation rooms.
Video recording the clinical performance of a healthcare worker, whether in a
simulation or real clinical care, impacts the participant’s behavior. For some, they may
lower the quality of their performance because they know that the scenario is not real.
Clearly setting the performance expectations with the study participant prior to the
simulation does help with this concern. For others, they may perform better than normal
because they know they are being watched. One example of this is a nurse who ties the
gown at the waist when donning in the simulation only to find that it complicates their
normal doffing process of taking the gown off over the head when they go to leave the
patient room. Most nurses who participated in the study did get lost in the simulation to
some extent. For example, several nurses apologized for taking so long to administer
the intravenous pain medication upon reviewing their video recorded performance
knowing the medication was not real. This indicated their engagement in the clinical
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scenario. Overall, it seems the benefits of reviewing clinical behaviors outweigh the
risks, allowing nurses to move toward expert performance.
Although intervention studies will truly be needed to measure change in infection
control behaviors, this study provided groundwork for this future work. One of our
biggest challenges was testing the feasibility of a more portable and affordable video
recording system in a standard hospital room. A misfire in the technology capabilities
could have substantially changed the research project. Technology support for a
research project like this is paramount. Beyond that challenge, moving to an
intervention study without proving our concept with a larger sample of a single type of
provider seemed to be missing a step. We were interested in investigating the rationales
for the behaviors amongst this single type of provider. The design also allowed us to
evaluate the time required for behavior change for future test-retest designs. Studies
which evaluate different providers, levels of fatigue, and clinical skills can now be applied
to the research methodology that was used in this study. The study has also given us
pilot data to formulate more specific future research questions.
This study relied heavily on the use of new technologies to measure the
behaviors of nurses. It was helpful that the discretely mounted cameras used in the
hospital room could be remotely started. Video was available within minutes of the
simulation for the study participants to watch. The participating nurses watched a single
view of the activities inside the patient room as they debriefed on the experience and the
audio recordings were made. For scoring, the videos were edited and two views of the
simulation experience inside the room could be synched and watched side-by-side. This
was useful in scoring particularly if a behavior may have shifted off camera in one view,
it could often be easily picked up in another. Of the 24 recorded simulation events, only
on one occasion did the video recording fail to start. In that instance, the study
participant was willing to repeat the simulation performance. The issue did not prove to
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be a lasting problem. Additional battery and storage capabilities were ever present on
study days to make sure that any failure could be rectified. Logistically, the study
required three people for the most successful execution: a study coordinator, a
supporting technologist, and a standardized patient.
Conclusion:
This dissertation project set the groundwork for further work in evaluating
behavior and the potential for behavior change in clinical care. While this study focuses
on the clinical area of infection control and the use of PPE, the study method can be
applied to a number of skills or challenges. Reflective practice in a simulated
environment allows for the investigation of challenges in real time with no harm to actual
patients. This ability to perform detailed observation may lead to behavior change at the
individual level, but with repeated evaluation it may also lead to more thoughtful changes
in products and device design as well. The study adds to the rapidly growing literature
on the use of simulation in educating health professionals (Nestel, Groom, EikelandHusebø, & O’Donnell, 2011).
A number of knowledge deficits among nurses at the bedside were identified
which warrant accessible means to keep them informed. Education needs to be
expanded at the training level as well as for continuing education of current bedside
nurses. Closing the communication gap between infection preventionists and nurses at
the bedside is an important step in making nurses more confident in their performance of
isolation care and ultimately improving patient outcomes. Feedback on performance
should be customized and meaningful to all parties involved (Larson, 2013).
Dissemination of these findings at national conferences (see Appendix C) and through
publication, as well as continuing to ask clinical questions as they arise, will begin to
address some of these infection control issues.

88
CHAPTER 8: FUTURE RESEARCH
The research methods and design of this study were designed to set the
groundwork for future studies. The feasibility of this reflective practice process in terms
of video capture and debriefing immediately after a patient care simulation experience
was tested with positive results. Further studies with the nursing population might
include a number of test-retest designs with video recording and reflective practice
utilized to help determine the effectiveness of different interventions. Interventions might
include a standard lecture style presentation, an interactive learning module delivered
through a learning management system, or self-scoring the video recording of the initial
simulation clinical performance against the current guidelines. Each of these
interventions could be tested individually, or nurses could be randomized to one of the
three different educational modalities. One important component of a study like this
would be using a learning style inventory before beginning the simulation experience to
see if learning style preference impacted student success in a particular intervention
strategy. It would also be important to work with a statistician to detail what constitutes
passing or failing a particular simulation component, how simulation experiences would
be compared within intervention groups, and best mechanisms for measuring
performance improvement within individuals.
While our current study was narrowly focused on nurses doing a simple patient
care task, the clinical tasks and populations of healthcare workers and emergency
responders that this study design could be used for is expansive. The basic
methodology has applications both for research and quality improvement projects. One
example of a research study might be evaluating the process of chemotherapy
administration as it is conducted by nurses in a simulated ambulatory care setting.
Similar to this study, careful evaluation of the nurses PPE use would be scored with
attention toward the current chemotherapy administration guidelines. This methodology
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may also have quality improvement applications. One example might be a nursing unit
challenged with a high rate of catheter-associated urinary tract infections (CAUTIs).
Perhaps setting up a task trainer and an HD camera and asking the nurses to
demonstrate their process for Foley catheter insertion in a simulation would point out
errors in the technique the nurses are using which are leading to the infections. Good
quality audio with the recording would be important to capture any commentary the
nurses share during the simulated Foley catheter insertion. Educational strategies could
then be targeted on that particular unit to correct misconceptions or poor technique
amongst the nursing staff. Feedback could be delivered either individually or unit-based,
depending on the clinical issues noted in the performance recordings. Tracking CAUTIs
over time would determine if the quality improvement strategy improved clinical
outcomes for patients on that unit.
In our study, there were particular errors in donning that led to potential
contamination behaviors in the patient room. Some good examples included strap
placement on the N95 respirator and failing to tie the waist straps on the gown. Testing
this relationship of error to consequence might provide powerful information for nurses at
the bedside about the risks of poor PPE decisions. An educational design might divide
nurses into two groups where one group wears the N95 respirator and gown correctly
and another wears the N95 respirator with the straps crossed and the gown untied at the
waist. Both might participate in a pain medication administration scenario similar to our
study. Video recordings could be scored to count facial touching or mask adjustment
while in the patient room, clothing exposure to potentially contaminated surfaces, and a
count of surfaces to which the hanging gown is exposed. Gown draping would be harder
to measure, but giving the nurses a chance to see their contamination moments would
be powerful. This behavioral information might be valuable to device manufacturers to
improve both device specifications and instructions for end users.
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Working from our very early investigation of fatigue levels, another interesting
study design might investigate skill performance by cohorting different fatigue or
impairment levels and then measuring the error rates. The clinical tasks would need
detailed listings of clinical behavior expectations for scoring similar to our video scoring
sheets used for this study. Clinical performance could then be compared based upon
the level of fatigue the participant reports or impairment level controlled for in the study.
A good population of fatigued nurses might be those coming off of the night shift. The
data might be particularly telling for nurses after three or four shifts in a row. The
simplest impairment mechanism for a study might be different levels of alcohol
consumption. This type of analysis would build on the impaired clinician literature.
Finally, two small research project ideas emerged from this dissertation project
that would require collaboration with an expert in environmental microbiology. It might
be interesting to conduct a study on whether small particles like Mycobacterium
tuberculosis can be captured in gloves, and to determine if there is a potential for
reaerosolization when the gloves are removed. A study such as this might justify double
gloving in airborne isolation so that the inner gloves donned outside the room before
entry are maintained as a barrier from contamination, still allowing for regloving as
needed for patient care. Another study to consider might be evaluating the amount of
splash that can occur during different types of nursing procedures. Splash might be
measured by swabbing the eyewear or a face shield after certain types of high splash
risk activities are completed using fluids containing appropriate surrogate organisms.
The simulated nursing procedures might include emptying a commode filled with urine or
stool, measuring fluid from a drain in a surgical wound, or administering tube feedings.
These study ideas would add interesting findings to the infection control literature.
Determining the high splash risk activities might help nurses to prioritize when cleaning
of the protective eyewear is paramount in the clinical setting.
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The use of simulation to evaluate healthcare behaviors allows for a behind the
scenes look at what is really happening in the healthcare setting without the risk of harm
to patients. The learning must go beyond simply pointing out errors and work towards
preventative solutions. The mistakes are often the result of a combination of clinical and
time challenges and not blatant neglect. Healthcare workers want to provide excellent
care to patients while protecting themselves, and at times these two demands seem to
be competing for attention. The technology available today allows for clinical
investigation in ways that can be meaningful and thought provoking, helping the
healthcare worker to better reconcile these competing demands. Investigating these
rarely seen behaviors to elicit change at the bedside could have a dramatic impact on
the quality of care given to patients. Future studies will need to evaluate the
coordinating clinical outcomes in the patients of healthcare workers who participate in
the simulation activities. There is vast potential for further research in this area.
The Ebola virus came to the United States in the last few months of the
completion of this dissertation. Luckily, the initial disease cases came to Nebraska in
isolated situations with high levels of biological containment. Planning and preparing for
the transport, patient care, and waste processing for this operation in Nebraska fell to a
leadership team on which I am proud to serve. Collectively a policy for PPE was drafted,
and a shareable guideline was developed including updates as changes occurred in
processes (Appendix D). While success of these initial missions has been achieved, the
risk remains and future patients are not out of the question. This experience has
brought all of these strict PPE guidelines to bear with extremely high stakes. Our team
of healthcare professionals are second to none for their courage and strength. Future
consultation and work in this area will be intense until the outbreak subsides.
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